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SUMMARY 


This  technical  paper  reviews  the  current  literature  on  psycho¬ 
logical  issues  relevant  to  astronaut  selection  for  long-duration 
space  flights.  Interpersonal  problems  have  been  aid  remain  a  recur¬ 
ring  problem  for  both  short-  and  long-duration  space  flights.  Even 
after  completion  of  the  space  mission,  intense  psychological  after¬ 
effects  are  reported.  The  specific  behavioral  problems  experienced 
during  both  United  States  and  Soviet  Union  space  flights  are  re¬ 
viewed,  specifically  addressing  contentious  episodes  and  impaired 
judgements  that  occurred  during  the  Mercury,  Apollo,  and  Skylab 
missions. 

Psychological  tests  used  in  the  selection  process  for  the  space 
program  have  focussed  primarily  on  the  detection  of  gross  psychopa¬ 
thologies  in  potential  candidates.  Although  these  psychological 
instruments  excluded  some  people  from  becoming  astronauts,  the  bat¬ 
tery  of  tests  failed  to  predict  which  individuals  would  manifest 
behavioral  aberrations  in  Judgement,  cooperative  functioning,  overt 
irritability,  or  destructive  interpersonal  actions. 

As  mission  length,  crew  size,  and  diversity  increase,  behav¬ 
ioral  problems  can  be  expected  to  persist.  Therefore,  it  is  recom¬ 
mended  that  research  and  development  (R&D)  be  planned  to  improve  the 
selection  of  space  crews.  Such  R&D  should  include  the  following 
topical  areas:  evaluation  of  the  utility  of  the  Personal  Attributes 
Questionaire  (PAQ)  masculinity/femininity  scale  to  select  androgy¬ 
nous  individuals  for  long-duration  space  flights;  personality  and 
leadership  factors  important  in  crew  composition,  with  specific 
attention  to  crew  compatibility;  types  of  leadership  style  best 
suited  for  short-  or  long-duration  space  flights;  the  determination 
of  that  critical  point  in  time  during  a  space  flight  where  the 
situational  factors  (such  as  boredom,  crew  friction,  apathy)  become 
an  obstacle  to  effective  leadership;  identification  of  psychological 
supports  or  props  that  can  be  used  to  help  individuals  preserve  or 
restore  their  emotional  stability  under  conditions  of  isolation  and 
confinement.  Such  a  comprehensive  R&D  program  is  suggested  as  a 
possible  joint  effort  between  National  the  Aeronautics  and  Space 
Administation  and  the  Air  Force  Human  Resources  Laboratory. 
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Psychological  Issues  Relevant  to  Astronaut  Selection  for 
Long-Duration  Spaceflight:  A  Review  of  the  Literature 


I.  INTRODUCTION 

There  are  many  challenges  inherent  in  the  space  program.  As 
the  duration  of  space  flights  lengthen,  concomitant  human  problems 
are  expected  to  proliferate.  The  psychological  sequelae  of  space 
flight  have  had  not  only  profoundly  positive  effects,  but  also  nega¬ 
tive  aftereffects  upon  the  lives  of  the  astronauts.  This  literature 
review  examined  selected  psychological  problems  associated  with 
space  flight.  The  psychological  tests  used  to  select  astronauts 
have  been  reviewed.  Those  personal  psychological  attributes  deemed 
important  for  space  flight  are  discussed,  suggesting  that  a  harmoni¬ 
ous  space  crew  for  long-duration  space  flight  can  be  selected  when 
certain  individual  criteria  are  met.  Recommendations  for  further 
research  in  this  area  are  proposed. 

Psychological  compatibility  has  been  a  recurring  problem  during 
the  short-duration  missions  (Kanas  &  Fedderson,  1971;  Kubis  A 
Mclaughlin,  1967).  Yet  no  present  attempts  are  being  made  to  define 
the  desirable  personal  characteristics  of  the  optimum  space  crew. 
Heretofore,  psychologists  have  been  hindered  from  any  attempts  to 
address  the  astronauts'  operational  problems.  Instead,  the  psycholo¬ 
gist  has  been  limited  to  the  role  of  administering  only  the  initial 
psychological  testing  of  astronauts  (Helmreich,  1980).  This  proce¬ 
dure  continues  in  spite  of  the  plethora  of  individual  and  interper¬ 
sonal  psychological  problems  that  have  been  documented,  during  and 
after  space  missions.  Furthermore,  the  psychological  tests  have 
historically  failed  to  accurately  predict  individual  astronaut's 
responses  to  the  stresses  of  space  flight. 

II.  PSYCHOLOGICAL  PROBLEMS  IN  THE  SPACE  ENVIRONMENT 

Reported  Problems  During  the  Mission  and  Post-Mission.  Since  the 
inception  of  the  manned  space  programs,  there  has  been  interest  in 
the  astronaut's  psychological  suitability  and  adaptability  for  space 
flight  (Brady,  19  3;  Butler,  1981;  Butler  &  Wolbers,  1981; 
Christensen,  1962;  Helmreich,  1983;  Hunter,  1968;  Imus,  1961; 
Mitchell,  1962;  Vinograd,  197^).  The  common  factors  in  all  space 
environments  will  be  isolation  (Rawls,  McGaffey,  Trego  &  Sells,  1968; 
Sells,  1966;  Sells  &  Gunderson,  1972),  confinement  (Brady,  1983; 
Fraser,  1966;  Radloff  &  Helmreich,  1968;  Rawls  et  al.,  1968;  Ruff, 
1959a;  Sells  &  Berry,  1958),  and  many  opportunities  for  interpersonal 
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friction  (Bluth,  1980;  Brady,  1983;  Chambers,  1968;  Cheston  &  Winter, 
1980;  Helmreich,  1980;  Petrov,  Lomov  &  Samsonov,  1979;  Siminov, 

1976).  The  concern  for  the  astronauts’  well-being  in  the  exotic 
environment  of  outer  space  is  as  salient  today  as  when  space  travel 
began.  Unfortunately,  astronauts  and  cosmonauts  continue  to  exhibit 
poor  judgement,  belligerence,  interpersonal  dissension,  irritability 
with  ground  managers,  and  gross  violations  of  crew  discipline,  which 
could  have  resulted  in  tragedy.  Specific  examples  of  these  behav¬ 
ioral  anomalies  which  have  resulted  in  mission  impairment  are  ad¬ 
dressed. 

U.S,  Behavioral  Problems  In  Space.  The  U.S.  space  program  has 
experienced  several  incidents  during  space  flight  which  are  of  con¬ 
cern  to  behavioral  scientists.  The  psychological  effects  of  space 
flight  have  included  aberrant  behaviors  and  impaired  judgement.  For 
example,  astronaut  Carpenter  wasted  valuable  control  fuel,  during  a 
Mercury  space  flight,  to  obtain  unauthorized  photographs  of  scenic 
sunsets  (Cooper,  1976).  The  resulting  unscheduled  expenditure  of 
fuel  severely  restricted  the  spacecraft’s  maneuverability.  This  pre¬ 
cariously  low  fuel  state  caused  consternation  among  the  National 
Aeronautics  and  Space  Administration  (NASA)  engineers,  since  the 
margin-of-error  for  a  safe  re-entry  had  been  reduced  to  such  a  maager 
level  (Cooper,  1976;  Wolfe,  1979).  Why  an  experienced  test  pilot, 
turned  astronaut,  would  exhibit  such  irrational  behavior  remains 
unknown. 

Another  example  of  inappropriate  astronaut  behavior  was  repeated 
on  the  Apollo  9  flight.  The  Apollo  9  crew  exhibited  an  alarming 
amount  of  belligerence  (Bluth,  1981).  However,  they  were  largely 
able  to  overcome  their  interpersonal  dissension  so  that  by  the  end  of 
the  mission,  only  an  awareness  of  tension  remained  (Collins,  1974; 
Cooper,  1976;  Cunningham,  1977).  Astronaut  Schweichart  experienced 
the  interpersonal  conflict  aboard  Apollo  9  and  correctly  predicted 
that  as  future  missions  get  longer  and  the  crews  larger,  more  intense 
interpersonal  hostilities  would  occur. 

Another  Apollo  flight  exhibited  a  similar,  but  more  intense,  in¬ 
terpersonal  conflict.  The  crew  of  Apollo  13  became  so  irritable  with 
each  other  and  with  the  ground  controllers  (i.e.,  authorities)  that 
the  astronauts  insisted  on  taking  a  day  off  from  in-flight  mission 
duties  to  sort  things  out  (Bluth,  1981;  Cooper,  1976;  Wolfe,  1979). 
This  interpersonal  dissonance  was  of  such  magnitude  that  NASA  person¬ 
nel  strongly  considered  immediately  aborting  the  Apollo  13  mission 
and  returning  it  to  earth  before  their  interpersonal  problems  esca¬ 
lated  any  further  (Bluth,  1980;  Cooper,  1973,  1976).  Although  the 


mission  was  not  aborted,  the  psychological  incompatibility  among 
members  of  the  crew  caused  the  Apollo  13  mission  to  now  be  infamously 
referred  to  as  "the  flight  that  failed"  (Cooper,  1973). 

Former  astronaut  Gerald  Carr  described  yet  another  contentious 
episode  during  the  flight  of  Skylab  4.  The  crew  of  Skylab  4  became 
very  irritable  shortly  after  occupying  the  Spacelab.  Their  irrita¬ 
bility  escalated  into  continuous  displeasure  with  each  other,  their 
surroundings,  and  authorities  on  the  ground  at  Houston  Control 
(Bluth,  1981;  Wolfe,  1979).  By  mid-mission  the  entire  crew  insisted 
on  a  full  day's  vacation  (i.e.,  no  work)  to  resolve  their  interper¬ 
sonal  animosity.  This  insistence  was  later  labelled  as  rebellion  by 
high-ranking  individuals  within  NASA  (Bluth,  1981).  It  should  be 
noted  that  the  careful  selection  procedures  failed  to  predict  that 
the  astronauts  on  this  mission,  and  on  a  Mercury  and  two  Apollo  mis¬ 
sions,  would  be  so  adversely  affected  by  the  stresses  of  space  flight 
(Bluth,  1981;  Cooper,  1973,  1976;  Heimreich,  1980;  Wolfe,  1979). 

Soviet  Behavioral  Problems  in  Space.  The  Soviet  Union  has  also 
witnessed  behavioral  aberrations  in  their  cosmonauts  (Burnazyan  A 
Yeliseyev,  1978;  Gurovskiy  &  Bryanov,  1974;  Leonov,  1972,  1976; 

Parin,  Gorbore  &  Kosmolinskiy,  1966).  The  Chief  of  Crew  Training 
for  the  Soviet  Union,  General  Beregovoy,  reported  that  on  two  of  the 
(+/-)  180-day  space  missions,  the  crew  developed  outward  signs  of 
hostility  (Beregovoy,  1979a,  1979b;  Brady,  1983).  Although  no  physi¬ 
cal  blows  resulted,  it  was  an  adverse  psychological  development  which 
demanded  careful  handling  by  the  Soviet's  Group  for  Psychological 
Support.  This  research  organization  was  created  specifically  to 
study  the  psychologically  related  problems  of  their  cosmonauts  and  to 
prevent,  when  possible,  their  reoccurrence. 

An  example  of  the  type  of  problem  which  has  been  researched  is 
an  incident  which  nearly  ended  in  tragedy  (Oberg,  1978).  On  the 
first  96-day  Salyut  mission,  cosmonaut  Romanenko,  filled  with  enthu¬ 
siasm  at  being  in  space,  decided  to  take  an  unauthorized  EVA  (extra 
vehicular  activity  —  space  walk).  After  donning  his  space  gear,  he 
intended  to  peek  out  and  observe,  first  hand,  the  ambience  of  earth 
and  space  outside  the  space  station.  Unfortunately,  before  he  left 
the  space  station,  he  forgot  to  attach  any  safety  tethers,  and  found 
himself  floating  into  the  vastness  of  space.  Serendipitously,  his 
cohort,  cosmonaut  Grechko  caught  Romanenko's  foot  as  it  was  exiting 
the  hatch  (Bluth,  1981;  Lomov,  1979).  This  incident  was  not  reported 
until  after  the  mission  had  safely  returned  to  earth  (Bluth,  1981). 
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This  incident,  demonstrates  that  a  highly  trained  and  disci¬ 
plined  crew  member  can  become  so  mesmerized  by  the  outer  space  milieu 
that  he  succumbs  to  his  impulses  and  ignores  all  precautions  and 
checklists.  What  is  equally  mind-boggling  is  "Why  did  his  contempo¬ 
rary,  cosmonaut  Grechko,  sit  idly  by  and  not  intervene,  until  he 
realized  that  a  fatal  situation  was  developing,  and  only  then  re¬ 
spond"? 

Another  troublesome  incident  occurred,  "according  to  reliable 
sources  within  NASA,"  (Montemerlo,  1982)  during  the  1980  record- 
breaking  185-day  Salyut  flight.  The  cosmonauts  became  so  irked  with 
the  ground  personnel  that  they  terminated  all  communications  (i.e., 
radio,  television)  with  the  group  for  a  period  of  two  (2)  days.  In¬ 
deed,  the  behavioral  effects  of  long-duration  isolation,  confinement, 
and  weightlessness  are  just  beginning  to  be  understood.  The  implica¬ 
tions  of  these  examples  are  that  future  astronauts,  perhaps  not  as 
well-trained  or  disciplined,  may  be  subject  to  even  more  impulsive 
behaviors.  Research  needs  to  be  undertaken  to  understand  this  reac¬ 
tion,  so  it  will  not  occur  in  conceptually  analogous  situations. 

More  recently,  on  December  10,  1982,  cosmonauts  Anatoly 
Berezovoy  and  Valentin  Lebedev  bade  farewell  to  Salyut  7,  the  orbit¬ 
ing  space  ship  that  had  been  their  home  for  the  previous  211  days. 
This  long-duration  space  flight  broke  the  previous  185-day  record 
also  set  by  Soviet  cosmonauts  in  1980  (Schlitz,  1983).  Throughout 
the  mission  there  were  occasional  hints  of  what  the  Soviets  diplo¬ 
matically  called  "interpersonal  tension"  aboard  the  Salyut  7  (Oberg, 
1983).  It  was  usually  blamed  on  accumulated  crew  fatigue  and  peri¬ 
odic  frustrations  over  equipment  problems.  After  landing,  Berezovoy 
was  asked  whether  he  and  Lebedev  had  grown  tired  of  each  other.  He 
admitted  that  they  had  to  "overcome  psychological  difficulties"  and 
urged  that  future  participants  in  long-duration  space  missions  should 
be  more  prepared  psychologically  for  the  experience  (Oberg,  1983).  In 
the  final  months  of  the  flight,  the  crew's  efficiency  had  also  de¬ 
clined  markedly.  Nevertheless,  the  Russians  continue  to  insist  that 
time  in  space  will  be  lengthened  during  their  future  space  missions. 

Post-Mission  Problems.  Thus  far,  behavioral  problems  have  been 
addressed  which  occurred  during  space  flight.  However,  as  the  fol¬ 
lowing  section  will  demonstrate,  the  behavioral  aberrations  do  not 
terminate  when  the  space  flight  ends,  but  linger,  with  notable  after¬ 
effects.  Research  on  life  in  space  stations  may  be  to  behavioral 
science  what  the  Stanford  Linear  Accelerator  was  to  physics.  Like 
the  physicists  who  gained  immense  knowledge  from  the  unique  accelera¬ 
tor,  psychological  knowledge  stands  to  gain  from  the  rare  opportuni¬ 
ties  presented  by  a  space  station.  On  Earth,  it  is  impossible  to 
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study  atomic  structures  in  their  natural  environments.  There  are  too 
many  intrusive  variables.  The  same  is  true  for  studying  human  behav¬ 
ior  on  Earth — there  are  innumerable  influences,  recognized  and  unrec¬ 
ognized.  However,  the  isolation  chamber  of  a  space  station  could  be 
beneficial  for  identifying  certain  fundamental  social  processes  that 
play  a  key  role  in  understanding  and  improving  human  behavior,  for 
future  longer-duration  space  flights. 

The  space  shuttle  has  opened  the  universe  to  men  and  women  from 
around  the  world.  Space  voyagers  will  no  longer  come  from  the  ranks 
of  carefully  screened  test  pilots,  but  will  be  more  diverse,  probably 
less  stress-resistant,  and  less  thoroughly  prepared  for  the  hardships 
of  space  travel  (Brady,  1983;  Helmreich,  1977,  1980;  Rosen,  197G). 
What  effect  will  the  ordeal  of  a  space  flight  have  on  space  travel¬ 
ers?  Some  of  the  astronauts’  post-mission  behavior  indicates  severe 
difficulties  in  readjusting  to  their  daily  lives. 

The  post-flight  behaviors  of  ex-astronauts  Mitchell,  Pogue, 
Irwin,  and  Worden  provide  evidence  that  additional  psychological 
problems  can  be  expected  after  the  flight.  Ex-astronaut,  retired 
Navy  Captain  Edgar  Mitchell  describes  the  psychological  problems  he 
had  after  completing  his  space  mission  (Rosen,  1 976 ) :  Something 
happened  to  me  during  the  flight  that  I  didn't  even  recognize  at  the 
time.  I  would  say  that  it  was  an  altered  state  of  consciousness,  a 
peak  experience,  if  you  will.  I  flipped  out,  or  whatever,  and  the 
next  two  years  I  spent  m  resettling  my  entire  thought  process,  be¬ 
cause  as  a  result  of  that  experience  virtually  all  of  the  philoso¬ 
phies,  ideas,  scientific  truth,  and  so  forth,  that  were  dear  to  me 
and  were  a  part  of  my  scientific  paradigm  got  tossed  right  up  into 
the  air  and  fell  into  a  big  heap  like  a  bundle  of  pick-up  sticks. 
Since  that  time  I  have  been  very  carefully  and  slowly  picking  up 
those  sticks  and  trying  to  put  them  into  some  sort  of  order  again 
(p.6).  Mitchell  adds  forebodingly,  "I'm  afraid  we  may  see  a  bunch 
of  mental  dropouts  when  people  start  flying  into  space  by  the  hun¬ 
dreds,  if  we  don't  start  now  to  learn  how  to  prepare  them  for  that 
experience"  (Rosen,  1976). 

Many  other  astronauts  have  also  communicated  the  Impact  of  their 
experience  in  space.  Ex-astronaut,  retired  Air  Force  Colonel  James 
Irwin  felt  so  spiritually  moved  by  his  flight  in  space  that  he  left 
the  astronaut  corps  and  the  military  to  form  his  own  interdenomina¬ 
tional  evangelistic  organization  called,  the  "High  Flight  Foundation" 
(Rosen,  1976).  The  experiences  of  Mitchell  and  Irwin  are  not  iso¬ 
lated  occurrences.  Ex-astronaut  Worden  reported  that  his  space 
flight  experience  "changed  his  entire  view  of  reality  on  earth,"  and 
was  so  spiritually  moved  that  he  left  the  space  program  to  join 


5 


rri^LnyAr^-yy  y  —  m 


>‘V 


Mis' 


Irwin's  High  Flight  Organization  (Rosen,  1976).  Interestingly,  18 
months  later  astronaut  Pogue  (the  pilot  on  Skylab  *0  resigned  from 
NASA  and  joined  ex-astronauts  Irwin  and  Worden  in  their  spiritual 
campaign  (Pogue,  1974).  Many  additional  astronauts  (Bormann, 
Schweickart  etc.)  have  been  profoundly  moved  by  religious  sensations 
after  their  experiences  in  space  (Rosen,  1976). 

Dr  Charles  Berry,  who  works  for  NASA,  reports  that  the  astro¬ 
nauts  only  request  to  speak  with  him  post-flight.  Dr  Berry  reflects, 
"No  man  that  I  know  of  has  gone  into  space  and  not  been  affected  in 
some  way"  [by  the  experience]...."  (Rosen,  1976).  Dr  Berry  has 
strongly  urged  NASA  to  fund  psychological  studies  so  that  future 
astronauts  could  be  selected  fo~  their  hardiness,  and  to  develop  an 
effective  program  to  treat,  or  prevent,  the  occurrence  of  post-mis¬ 
sion  malaise  (Rosen,  1976). 

Experimental  Research  on  Psychological  Problems.  Prior  to  the 
actual  space  flights,  research  was  conducted  on  groups  in  isolated 
and  confined  environments.  This  research  predicted  quite  accurately 
which  behaviors  would  become  problematic  during  space  flight.  The 
purpose  of  this  section  is  to  examine  how  people’s  relationships  with 
one  another  may  affect  the  psychological  functioning  and  well-being 
of  the  astronaut,  and  the  performance  and  morale  of  the  space  crew. 

The  primary  focus  is  on  crews  that  are  small  in  the  sense  that 
each  crew  member  has  the  opportunity  to  interact  with  each  and  every 
other  crew  member  on  a  face-to-face  basis.  Special  attention  will  be 
devoted  to  research  findings  on  groups  isolated  or  confined  for  rela¬ 
tively  l-'ng  periods  of  time.  Short-duration  projects  will  be  included 
if  they  demonstrate  effects  significantly  relevant  to  isolation  and 
confinement  experiments  (ICE),  and  are  potentially  applicable  to 
experiences  of  long-duration  space  flight. 

During  the  initial  years  of  the  space  program,  psychological 
concerns  centered  around  the  effects  of  weightlessness  on  astronaut 
performance,  and  upon  man-machine  engineering  (Chambers,  1968;  Engle 
&  Lott,  1979;  Gerathewohl,  1959).  However,  by  the  mid  1960’s,  inter¬ 
ests  had  expanded  to  include  certain  social  psychological  variables 
(National  Academy  of  Sciences,  1972).  Over  the  following  decade,  a 
number  of  theoretical  papers  and  reviews  appeared.  The  most  salient 
of  these  included  those  by  Berry  (1973)*  Brady,  (1983)  Hay thorn  et 
al.  (1972),  Helmreich,  Wilhelm,  and  Runge  (1980),  Kanas  and  Fedderson 
(1971),  Rawls  et  al.  (1968),  Sells  (1966),  and  Sells  and  Gunderson 
(1972).  These  reviews  firmly  establish  that  interpersonal  and  group 
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variables  would  be  important  determinants  of  crew  member  performance 
and  well-being  in  both  short-  and  long-duration  space  flight. 

To  provide  a  basis  for  common  understanding,  the  terms  "isola¬ 
tion"  and  "confinement"  are  defined.  Isolation  implies  "separation 
from"  one's  usual  physical  and  social  surroundings.  The  concept  of 
isolation  may  be  applied  to  groups,  as  well  as  to  individuals.  Con¬ 
finement  refers  to  "restriction  within."  Since  confinement  always 
involves  some  limitations  on  an  individual's  freedom  of  movement,  it 
necessarily  entails  his/her  restriction  to  only  a  portion  of  their 
environment.  Therefore,  all  astronauts  while  orbiting  the  earth 
maybe  thought  of  as  "separated  from"  the  earth,  whereas  one  or  more 
astronauts  may  perceive  themselves  as  "restricted  within"  their  work¬ 
ing  arena.  This  restriction  could  be  physical  (such  as  not  being 
allowed  to  space  walk),  or  social  (experiencing  psychological  rejec¬ 
tion  from  the  group). 

Isolation  Studies.  Typically,  studies  in  which  the  isolation 
effect  is  predominant  are  those  reporting  on  the  extended  underwater 
cruises  of  nuclear  submarines,  or  on  the  scientific  expeditions  of 
work  groups  in  the  Arctic  or  Antarctic.  These  studies  are  particu¬ 
larly  valuable  because  the  nuclear  submarine  and  the  remote  duty 
station  represent  social  systems  closely  resembling  that  of  the  space 
ship  on  an  extended  mission  (Rawls  et  al.,  1968;  Sells,  1966;  Sells  & 
Gunderson,  1972). 

During  the  historic  undersea  voyage  in  which  the  nuclear  subma¬ 
rine  Triton  circumnavigated  the  globe,  Weybrew  (1963)  conducted  a 
factor-analytic  study  of  the  crew.  Two  factors  which  pertained  to 
the  psychological  * tatus  of  the  crew  where  identified.  The  major 
identifying  variables  for  the  first  factor,  labelled  the  "Composite 
Morale  Indicator",  were  low  in  morale,  fed  up,  irritable,  homesick, 
not  feeling  like  talking,  annoyed,  disinterested,  feeling  like  giving 
up,  mouth  dry,  bored  stiff,  do  not  feel  like  doing  anything,  daydream 
a  lot,  headache,  uncomfortable,  and  frustrated.  The  variables  in  the 
second  factor  consisted  ->fj  sleep  difficulties,  inefficient,  jit¬ 
tery,  anxious,  excited,  feeling  closed  in,  joints  and  limbs  tired, 
uncomfortable,  not  feeling  like  eating,  and  having  tight  or  hot  feel¬ 
ings  in  the  stomach.  An  additional  investigation  revealed  that  de¬ 
pression  was  associated  with  the  variables  in  the  first  factor, 
whereas  tension  and  anxiety  were  related  with  the  second  factor  vari¬ 
ables. 

In  an  investigation  of  personal  adjustment  to  the  remote  Arctic 
environment,  Eilbert  and  Glaser  (19P9)  worked  with  a  sample  of  648 
Air  Force  enlisted  personnel  who  had  been  assigned  to  eight  Arctic 
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bases  and  isolated  for  periods  of  2  to  12  months.  Attributing 
the  observed  decrements  in  morale  and  work  efficiency  to  the  effects 
of  Arctic  isolation,  the  authors  emphasized  that  the  individuals  were 
deprived  of  their  familiar  social  stimuli,  that  they  had  relatively 
no  privacy,  and  that  the  incessant  sameness  of  their  perceptual  envi¬ 
ronment  led  to  perpetual  boredom  and  behavioral  irritability  (Eilbert 
&  Glaser,  1959). 

The  behavioral  effects  of  prolonged  isolation  in  the  Arctic  were 
described  by  Rohrer  (1961)  in  terms  of  a  phase  sequence.  In  the 
initial  period  all  individuals  experienced  a  sharp  increase  in  anxi¬ 
ety,  irritability,  and  difficulty  sleeping.  Work  activity  considera¬ 
bly  reduced  these  unpleasant  experiences.  During  the  second  and 
longest  phase,  anxiety  diminished  but  feelings  of  depression  in¬ 
creased.  Finally,  just  before  leaving  the  third  (and  last)  phase, 
emotional  expression  increased  and  became  less  inhibited.  Interest¬ 
ingly,  sleeplessness,  a  universal  symptom  associated  with  Antarctic 
Isolation,  was  observed  in  all  three  phases.  As  a  rationale  for  the 
three-phase  sequence,  Rohrer  (1961)  suggested  that  perception:  of  the 
threat  of  danger  induces  anxiety;  reduction  and  loss  of  customary 
social  roles  leads  to  depression;  and  anticipation  and  increase  in 
work  activity  brings  about  labile  emotional  expression.  Inhibited 
during  the  second  phase,  hostility  and  aggression  are  more  overtly 
and  directly  expressed  in  the  third  phase. 

In  summarizing  three  of  their  studies,  Gunderson  and  Nelson 
(1963)  described  the  emotional  changes  in  Antarctic  groups  during  a 
short  pre-winter  period,  followed  by  a  long  (3  to  4  months)  confining 
mid-winter,  and  ending  in  a  short  post-winter  season  which  permitted 
limited  outdoor  activities.  Sleep  disturbances,  depression,  and 
irritability  were,  once  again,  the  characteristic  symptoms  of  the 
mid-winter  period.  Gunderson  and  Nelson  (1963)  suggested  that  lack 
of  stimulus  variety,  both  cognitive  and  affecti\e,  and  restricted 
physical  activity  helped  to  bring  about  many  of  the  behavioral 
changes . 

Dividing  a  period  of  isolation  into  three  4-month  sessions, 
Rasmussen  and  Hay thorn  (1963)  discovered  changes  in  conduct  and  emo¬ 
tions  at  an  Antarctic  station.  The  changes  in  symptom  frequency  were 
not  uniform  across  the  various  behaviors.  All  frequencies  were  low¬ 
est  in  the  first  4  months.  Sleep  difficulties  and  apathy  were  maxi¬ 
mal  in  the  second  period.  Restlessness,  irritability, 
suspiciousness,  and  uncooperativeness  increased  progressively  and 
became  a  common  syndrome  during  the  last  4-month  period. 
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Smith  (1966)  reported  the  effects  of  monotony  and  boredom  among 
members  of  a  seven-man  group  on  a  4-month  summer  journey  across  the 
polar  plateau  of  the  Antarctic.  One  finding  was  that  daydreaming 
increased.  Illusory  perceptual  experiences  occurred  with  some  fre¬ 
quency.  Outside  liaison  personnel  became  the  targets  of  either  se¬ 
vere  criticism  or  superlative  praise.  (As  previously  mentioned, 
similar  behaviors  occurred  on  Apollo  9,  Apollo  13,  Skylab  4,  and 
several  Soviet  flights  as  well).  Rating  each  other  sociometrically , 
the  group  members  rated  those  with  whom  they  were  in  most  frequent 
contact  as  their  least-desired  companions  for  a  future  trip.  All 
these  behaviors  may  have  reflected  the  desire  for  change.  Some  per¬ 
sonnel  reported  a  craving  for  variety  so  intense  that  in  their  fanta¬ 
sies  they  anticipated  and  wished  for  breakdowns  in  the  equipment 
(Smith,  1966).  Relief  from  complete  predictability  of  experience  is 
a  human  need,  the  denial  of  which  has  potentially  serious  conse¬ 
quences.  As  Smith  (1966)  comments: 

The  need  for  change,  seemingly  at  a  very  high  cost,  raises 
the  question  of  what  point  or  combination  of  factors  are 
necessary  before  individuals  will  purposively  commit  destruc¬ 
tive  acts,  or  acts  not  in  their  best  interests,  simply  as  a 
means  of  reducing  monotony  and  boredom,  (p.490). 

Confinement  Studies.  As  previously  mentioned,  isolation  and 
confinement  effects  are  very  often  confounded.  Most  isolation  stud¬ 
ies  involve  some  degree  of  confinement;  and  confinement  is  often 
associated  with  isolation  (Chambers,  1968;  Fraser,  1966;  Radloff  & 
Helmreich,  1968;  Rawls,  et  al.,  1968).  A  relevant  example  is  pro¬ 
vided  by  the  extended  submerged  voyage  of  a  nuclear  submarine 
discussed  earlier.  In  addition  to  being  cut  off  from  shore  (i.e., 
isolated  from  their  accustomed  surroundings),  the  crew  finds  the 
submarine  itself  a  constricted,  generally  unpleasant  habitat.  Con¬ 
finement  in  this  instance  involves  two  types  of  limiting  conditions: 
restriction  to  the  submarine  environment  and  very  compact  conditions. 
Both  of  the  conditions  are  forecast  for  long-duration  space  flight 
(Bluth,  1980;  Oberg,  1983). 

In  an  extended  space  cabin  simulation  program,  four  crew  men 
were  confined  within  a  submarine  for  60  days  (Hunter,  1968).  One  of 
the  men  had  also  participated  in  a  prototype  experiment  which  de¬ 
serves  description.  Prior  to  a  30-day  confinement  period,  an  exact¬ 
ing  selection  process,  with  an  8-week  training  program  including 
eight  3-hour  sessions  of  "social  sensitivity  training,"  narrowed  the 
initial  25  applicants  down  to  4  persons.  During  the  course  of  the 
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simulation,  no  behavioral  degradation  was  observed.  The  crew  men 
maintained  high  motivation  and  moral,  and  no  serious  difficulties  in 
interpersonal  relations  emerged  (Hunter,  1968). 

The  follow-on  60-day  confinement  study  was  equally  well  planned. 
The  crew  men  were  selected  for  emotional  stability  and  compatibility, 
and  functioned  smoothly  as  a  team  (Hunter,  1968).  Provocatively, 
test  performance  actually  improved  over  the  60-day  period.  However, 
as  the  experiment  progressed,  subtle  changes  in  the  routine  were 
noted  in  the  crew.  For  example,  scheduled  events  tended  to  be  ne¬ 
glected  more  frequently.  Interpersonal  friction  was  of  minor  sig¬ 
nificance  and  was  never  overtly  expressed.  Complaints  (also 
considered  to  be  minimal),  concerned  sleep  difficulties,  food  (mo¬ 
notonous),  and  incessant  equipment  noise  (Hunter,  J 968 ) .  In  summa¬ 
tion,  the  four  crew  men  cannot  be  said  to  have  found  their  experience 
particularly  stressful. 

In  contrast,  another  30-day  simulation  study  (The  Boeing  Com¬ 
pany,  1964)  used  a  five-man  crew  for  the  assessment  of  a  manned  envi¬ 
ronmental  system.  This  study  produced  less  positive,  but  possibly 
more  instructive  results.  There  was  no  opportunity  for  a  rigorous 
selection  or  training  program.  (This  would  be  similar  to  civilians, 
sponsored  by  industry,  who  would  work  on  the  shuttle,  or  inhabit  a 
space  station  to  conduct  research  paid  for  by  industry  —  Bluth, 
19^').  Interpersonal  problems  were  associated  by  an  increase  of 
negativity  among  the  crew.  A  comprehensive  testing  program  during 
the  30-day  simulation  added  to  personal  frustration  and  irritation, 
fhe  subjects’  mood,  affect,  and  behavioral  reactions  were  reduced, 
whereas  hostility  and  irritability  toward  each  other  and  outside 
personnel  increased.  Nevertheless,  intellectual  and  psychomotor 
efficiency  showed  no  deterioration.  The  items  that  were  the  most 
annoying  to  the  group  over  the  30-day  confinement  period  were  food, 
noise,  toilet  facilities,  behavior  of  others,  crowding,  boredom,  and 
lack  of  privacy  (The  Boeing  Company,  1964). 

A  human  factors  analysis  of  this  study  revealed  that  inadequate 
equipment  design  contributed  substantially  to  the  irritation  and 
vexation  of  the  crew.  The  primary  difficulties  centered  around  water 
pumps  for  drinking  and  food  preparation,  the  complex  toilet  facility, 
and  inadequate  hallway  space.  The  hallway’s  structural  aspect  was  a 
continual  source  of  friction  as  people  attempted  to  pass  one  another 
(The  Boeing  Company,  1964).  Interestingly,  about  7%  of  the  existing 
submariner  force  is  released  from  this  kind  of  duty  because  they 
cannot  tolerate  these  conditions  in  a  nuclear  submarine  (Hunter, 
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1968).  A  similar  percentage  of  people  could  probably  be  expected  to 
present  a  problem  on  future  space  flights. 

Alluisi  and  his  associates  described  a  30-day  confinement  study 
of  two  five-man  crews  (Alluisi,  Chiles,  Hall,  &  Hawkes,  1963).  The 
individuals  were  selected  from  36  volunteers  in  an  Air  Force  pilot 
trainir;*  class.  Astronaut  criteria  were  used.  The  men  were  given  a 
short  but  adequate  training  program  (i.e.,  according  to  a  criterion). 
During  this  time  they  were  familiarized  with  four  individual  and  two 
group  performance  tasks  which  comprised  their  workload.  The  two 
crews  alternated  working  and  resting  each  4  hours.  The  crew-compart¬ 
ment  mockup  in  which  they  lived  was  1100  feet  in  volume.  In  the 
earlier  phase  (consistent  with  Rohrer's  1961  findings),  all  subjects 
experienced  irritability  and  sleep  difficulties.  Morale,  which  was 
initially  high,  dropped  within  a  few  days  but  remained  steady  at  the 
lower  level  thereafter.  The  universal  and  frequent  complaint  was 
boredom  as  the  tasks  and  program  became  well  learned  and  routine. 
Despite  these  minor  difficulties,  the  general  picture  was  one  of 
improvement  in  work  performance  over  the  course  of  30  days,  even 
though  morale  decreased  (Alluisi,  et  al.,  1963). 

Confinement  studies  by  Soviet  scientists  (Hicks,  1964)  yielded 
results  similar  to  those  obtained  by  American  investigators.  Data 
were  reported  on  subjects  confined  to  test  chambers  for  periods  of  10 
to  120  days.  After  adaption  to  a  10-  to  15-day  period  of  confine¬ 
ment,  some  stabilization  of  functions  developed.  This  stabilization 
was  followed  by  a  period  of  relative  deterioration  wherein  sleep  was 
disturbed,  fatigue  increased,  and  work  capacity  was  reduced.  There 
was  also  an  increase  in  irritation  and  some  evidence  of  depression. 
Morale  was  improved,  and  deterioration  lessened,  by  meaningful  activ¬ 
ity,  responsibility,  and  knowledge  of  the  purpose  and  structure  of 
the  tasks  to  be  performed  (Hicks,  1964).  These  constructs  have  po¬ 
tentially  important  implications  for  the  training  scenario  of  astro¬ 
nauts,  particularly  for  long-duration  space  flights.  Perhaps  this  is 
how  the  Soviets  are  attempting  to  increase  their  time  in  space  —  to 
even  longer  than  they  have  already  achieved. 

Individuals  living  in  groups  isolated  for  relatively  long  peri¬ 
ods  of  time  present  a  typical  pattern  of  emotional  reactivity.  This 
is  characterized  by  anxiety,  irritability,  depression,  and  hostility 
—  the  latter  frequently  suppressed.  In  addition,  pronounced  distur¬ 
bances  in  the  sleep  pattern  are  consistently  observed.  But  despite 
these  seemingly  debilitating  influences,  no  serious  decrement  in  work 
tasks,  psychomotor  or  intellectual  performance  was  reported  (Parker  & 
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Evergy,  1 9 T2 ) .  These  constructs  also  have  important  implications  for 
the  training  scenario  of  astronauts,  especially  for  long-duration 
space  flights. 

Isolation  and  Confinement.  NASA  has  also  funded  a  number  of 
simulatior.'studies  relevant  to  space  flight.  These  have  included 
behavioral  research  in  submeroibles ,  such  as  the  Ben  Franklin  under¬ 
sea  behavioral  experiments  (Seitz  et  al.,  1970)  and  the  series  of 
Tektite  studies  (Deutsch,  1971;  Helmreich,  1971;  Nowlis,  1972). 

In  the  30-day  Ben  Franklin  study  to  determine  reactions  to  con¬ 
finement  and  isolation,  a  crew  of  six  men  was  towed  in  a  submersible 
vessel  down  the  East  Coast.  The  desire  to  participate  —  not  com¬ 
patibility  —  was  the  main  factor  in  crew  selection.  As  the  mission 
progressed,  the  crew  showed  a  trend  toward  withdrawal  and  an  in¬ 
creased  need  for  privacy.  Very  little  group  activity  took  place. 
Tension  increased  gradually,  and  all  volunteers  had  difficulty 
sleeping.  A  major  conflict  arose  between  the  occupants  of  the  sub¬ 
mersible  and  the  surface  staff,  resulting  in  failures  and  misunder¬ 
standings  in  communication.  As  a  result  of  the  communication 
breakdown,  outbursts  of  anger  and  frustration  were  commonplace. 
Consequently,  the  topside  command  became  targets  for  the  release  of 
the  aquanauts'  frustrations.  Again,  these  same  trends  occurred  on 
the  Mercury  (Collins,  1974),  Apollo  9  and  Apollo  13  (Bluth,  1981; 
Cooper,  1976),  and  Skylab  4  flights  (Bluth  &  McNeal,  1981)  and  on 
several  Soviet  flights  (Bluth,  1981;  Brady,  1983;  Lomov,  1979)  as 
well.  It  is  notable  that  indications  about  these  interpersonal 
difficulties  did  not  show  up  in  interpersonal  testing  (Ferguson, 

1970;  Vinograd,  1974). 

Interestingly,  such  conflicts  did  not  develop  during  the  Tektite 
experiments,  11-  to  20-day  missions  with  crew  sizes  ranging  from  four 
to  10  members.  Specifically  addressed  by  the  Tektite  experiments  were 
crew  selection,  composition,  and  command  structure/leadership.  There 
was  a  degradation  of  performance  as  mission  tasks  grew  more  complex. 
The  aquanauts  felt  very  little  anxiety  or  depression  during  their 
stay  in  the  habitat.  As  a  result,  few  conflicts  were  noted.  A  pos¬ 
sible  explanation  for  this  would  be  that  a  two-way  video  link  seemed 
to  reduce  feelings  of  isolation  and  overt  hostility  toward  remote 
operational  personnel.  Individual  gregariousness  was  positively  as¬ 
sociated  with  performance.  The  scientists  concluded  that  vehicle 
design  should  provide  for  variability  (particularly  visual),  good 
food  with  minimal  waste,  adequate  work  aids,  individual  privacy, 
adequate  garbage  disposal,  and  must  avoid  "multiple-use”  spaces.  Once 


again,  the  researchers  found  that  "personality  measures  given  prior 
to  the  dive  failed  to  predict  adjustment"  (Vinograd,  197*0. 

A  number  of  vital  questions  must  be  answered  before  a  space  crew 
is  launched  on  a  long-duration  space  flight.  Will  similar  emotional 
reactions  be  likely  to  occur,  and  if  so,  what  effect  will  these  have 
on  the  success  of  the  mission?  It  should  be  remembered,  as  previ¬ 
ously  stated,  that  during  certain  (short-term)  Apollo  and  skylab 
space  missions,  hostilities  arose  and  had  a  debilitating  influence  on 
mission  effectiveness.  The  Soviets  discovered  that  as  mission  length 
Increased,  the  severity  and  frequency  of  hostility  and  irritability 
also  increased;  whereas  judiciousness  decreased  (Bluth,  1981;  Brady, 
1983;  Oberg,  1983;  Stupnitskiy,  1979). 

Are  there  any  preventative  measures  that  can  be  employed  to 
reduce  the  behavioral  adversities  associated  with  long-duration  space 
flight?  According  to  the  only  group  of  people  who  have  experienced 
long-duration  space  flight  (e.g.,  the  USSR),  intensive  preflight 
training  in  p.* ychologically  related;  as  well  as  changes  in  their 
operational  rrocedures,  has  extended  their  duration  of  space  flight 
from  139  u^/s  to  211  days  ("Two  Soviet  Cosmonauts",  1982).  Unfortu¬ 
nately,  their  knowledge  is  not  available  to  us  at  this  time.  There¬ 
fore,  the  research  literature  on  group  composition  seems  a  logical 
and  necessary  area  of  investigation. 

III.  VARIABLES  AFiTJCTING  GROUP  INTERACTION 

What  sort  of  human  can  endure  the  utter  isolation  and  severe 
confinement  of  a  long  space  voyage?  What  sort  of  crew  can  make  the 
voyage  a  successful  one?  According  to  several  authors,  these  are 
questions  of  selection  and,  ultimately,  of  group  composition  (Brady, 
1983;  Helmreich,  1980;  Nicholson  &  Pardoe,  1972;  Sells,  1966).  Most 
programs  selecting  personnel  for  work  in  isolated  and  confined  back¬ 
grounds  (e.g.,  submarines,  Arctic,  Antarctic)  have  emphasized  the 
background,  training,  personality,  interest,  and  aptitude  character¬ 
istics  of  individual  applicants  or  volunteers  (Gunderson  &  Nelson, 
1963;  Weybrew,  1963).  This  is  the  traditional  approach,  especially 
where  membership  in  such  a  group  is  sizeable  (Flinn,  Hartman,  Powell 
&  McKenzie,  1963).  However,  in  the  case  of  small  groups  such  as 
astronaut  crews,  where  the  interaction  and  interdependencies  demand 
cooperative  functioning  and  team  orientation,  another  approach  might 
prove  to  be  more  beneficial.  A  selection  program  directed  toward 
identifying  the  most  effective  "crews,"  rather  than  merely  "quali¬ 
fied  individuals,"  would  seem  to  be  a  logical  approach.  In  addition, 
research  on  team  performance  and  human  factors  issues  are  applicable 
for  an  effective  work  force  in  space.  The  interested  reader  is  re- 


ferred  to  reviews  by  Singer  and  Collins  (NRC/NAS  In  Preparation), 
Steiner  (1972,  1976),  and  Thorndyke  (1980)  for  additional  informa¬ 
tion  on  these  topics. 

Compatibility.  The  identification  of  effective  crews  would 
almost  certainly  involve  the  notion  of  compatibility.  Although  not 
always  stressed,  this  except  has  been  implied  as  a  necessary  ele¬ 
ment  in  crew  selection  (Parker  &  Evergy,  1972;  Sells,  1966).  Ameri¬ 
can  researchers  are  not  alone  in  this  view. 

Compatibility,  however,  is  but  one  aspect  of  a  broader  problem 
which  includes  leadership  and  group  composition.  The  effects  of 
these  two  constructs  on  group  cohesiveness  and  group  performance  are 
also  considered  to  be  relevant  for  the  space  traveler  (Bluth,  1981; 
Brady,  1983).  Some  investigators  Festinger,  1954;  Newcombe,  1953; 
Zander  &  Havelin,  1960)  claim  that  similarity  among  members  gener¬ 
ates  group  cohesiveness.  Other  researchers  believe  that  similarity 
in  member  characteristics  have  no  such  effect  (Seashore,  1954)  or 
that  dissimilarity  is  more  likely  to  increase  group  cohesiveness 
(Gross,  1956).  Comparable  divergence  is  found  with  regard  to  group 
problem  solving  and  creativity.  On  the  one  hand,  heterogeneous 
groups  (in  attitude,  age,  personality,  etc.)  are  said  to  be  more 
creative  or  more  effective  in  problem  solving  than  are  homogeneous 
groups  (Hoffman,  1965).  However,  this  would  not  always  be  expected 
to  occur,  since  heterogeneous  groups  have  historically  had  greater 
communication  difficulties  (Triandis,  i960).  It  is  quite  possible 
that  a  combination  of  homogeneity  and  heterogeneity  would  be  the 
most  effective.  Again,  the  androgynous  person  concept  postulated  by 
Helmreich  (1980)  supports  this  view  as  well.  Triandis,  Halle  &  Ewen 
(1965)  found  that  dyads  who  were  homogeneous  in  ability  but  hetero¬ 
geneous  in  attitudes  were  more  creative  than  dyads  who  were  homoge¬ 
neous  in  both  these  respects.  McGrath  and  Altman  (1966)  came  to  the 
conclusion  that  "there  is  very  little  research  on  group  composition, 
and  what  little  there  is  gives  an  unclear  picture  of  the  role  of 
composition." 

An  additional  factor  to  consider  in  group  composition  is  cohe¬ 
siveness.  Highly  cohesive  groups  exert  pressures  on  their  members  to 
act  in  certain  uniform  ways  (Back,  1951).  In  industrial  settings, 
high-cohesive  work  groups  maintain  more  uniform  production  levels  and 
manifest  less  anxiety  than  do  low-cohesive  groups  (Seashore,  1954). 
Highly  cohesive  groups  also  work  harder  independent  of  supervision 
(Berkowitz,  1954;  Cohen,  1957).  Particularly  relevant  to  future 
astronauts  is  Cartwright's  (1968)  summary  of  the  consequences  of 
group  cohesiveness: 


Other  things  being  equal,  as  cohesivene3s  increases,  there 
is  an  increase  in  a  group's  capacity  to  retain  its  members 
and  in  the  degree  of  participation  by  members  in  group  ac¬ 
tivities.  The  greater  a  group's  cohesiveness,  the  more 
power  it  has  to  bring  about  conformity  to  its  norm  and  to 
gain  acceptance  of  its  goals  and  assignment  to  tasks  and 
roles.  Finally,  highly  cohesive  groups  provide  a  source  of 
security  for  its  members,  which  serves  to  reduce  anxiety  and 
to  heighten  self-esteem  (p.18D. 

Coheslveness.  Direct  research  on  the  cohesiveness  of  groups  in 
space  settings  is  relatively  sparse.  The  General  Electric  (1964)  and 
SEALAB  II  (Radloff  &  Helmreich,  1968)  experiments  attempted  to  study 
coheoiveness,  with  apparently  contradictory  results.  The  General 
Electric  study  contrasted  between  an  experimental  (30-day  confine¬ 
ment)  group  and  a  control  (non-confined)  group.  Before  confinement, 
both  groups  were  equivalent  on  the  cohesiveness  index.  After  14 
days,  the  confined  group's  cohesiveness  dropped  sharply  and  continued 
this  downward  trend  for  the  remaining  16  days  of  the  experiment.  No 
drop  in  cohesiveness  was  noted  for  the  non-confined  group.  Group 
performance  remained  relatively  constant,  and  no  overt  indication  of 
antagonism  or  hostility  were  observed  for  the  confined  group.  The 
authors  concluded  that  good  personal  integration  and  emotional  con¬ 
trol  persisted,  despite  a  reduction  of  group  and  member  attractive¬ 
ness  (group  cohesiveness)  which  lasted  up  to  20  days  following  the 
experiment. 

SEALAB  II  used  an  index  of  cohesiveness  based  on  sociometric 
choices  obtained  pre-  and  post-subc^rgence .  When  asked,  after  the 
experiment,  whom  they  would  choose  as  team  mates  in  a  future  SEALAB 
II  experiment,  the  aquanauts  included  significantly  more  members  of 
their  present  team  than  they  had  prior  to  their  submergence.  This 
increased  cohesiveness  result  was  consistent  across  three  teams  of 
aquanauts  (Radloff  &  Helmreich,  1968). 

These  discrepant  outcomes  could  be  explained  by  the  relatively 
boring,  non- threatening  situation  which  characterized  the  General 
Electric  (GE )  study  versus  the  dangerous,  interdependent  existence  in 
a  SEALAB  environment,  where  each  person's  life  depends  on  the  sup¬ 
porting  activities  of  another.  In  the  GE  experiment,  new  companions 
might  well  have  been  desired  for  the  sake  of  variety,  whereas  in  the 
SEALAB  experiment,  the  proven  and  trusted  competence  of  previous  team 
mates  became  the  overriding  consideration  in  selecting  coworkers  for 
a  subsequent  submersion  mission. 
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In  general,  research  literature  has  shown  that  threat  from  an 
external  source  tends  to  increase  the  cohesiveness  of  the  group  (Lott 
4  Lott,  1965),  a  conclusion  also  supported  by  Lanzetta  (1955). 
Schacter’s  (1959)  experiments  on  affiliation  provide  rationale  for 
this  effect.  Schacter  found  that  experimentally  Induced  anxiety 
arouses  in  an  individual  a  desire  to  be  with  others  in  order  to  re¬ 
duce  his  anxiety  and  to  determine  an  appropriate  course  of  action. 

The  results,  then,  of  SEALAB  II  provide  another  example  of  the  ten¬ 
dency  of  the  group  under  stress  to  become  more  cohesive.  Interest¬ 
ingly,  Helmreich  (1966)  extended  Schacter’s  affiliation  research 
(1959)  to  the  SEALAB  II  experiments  and  found  that  first-born  and 
only  born  children  were  significantly  more  frightened  and  showed 
significantly  poorer  performance  than  later- born  men  (Helmreich, 

1966) .  Helmreich’s  research  (Doctoral  Dissertation)  was  done  in 
conjunction  with  Project  SEALAB  II. 

However,  in  the  work  of  Haythorn  (1963;  Hay thorn  &  Altman, 

1967) ,  the  results  are  not  as  straightforward.  Haythorn  and  Altman 
(1967)  structured  pairs  as  homogeneous  and  heterogeneous  with  regard 
to  four  personality  dimensions:  Dogmatism,  Need-Dominance, 
Need-Achievement,  and  Need-Affiliation.  Nine  of  these  two-man  groups 
were  assigned  to  isolation  conditions;  an  equivalent  set  of  nine 
groups  served  as  controls.  Each  isolated  two-man  crew  worked  in  a 
confined  12-  X  12-foot  room  in  which  they  worked,  rested,  and  slept, 
never  once  leaving  it  throughout  a  10-day  period.  Control  groups 
worked  each  day  in  the  same  type  of  room  but  slept  in  their  own  bar¬ 
racks  at  night.  They  also  left  their  rooms  for  meals  and  for  brief 
rest  periods  between  tasks.  After  completing  the  tasks,  they  were 
free  to  go  elsewhere  and  use  the  remaining  time  as  they  wished. 

The  results  were  complicated  and  diverse,  and  sometimes 
counterintuitive.  Isolation,  however,  had  a  pronounced  overall  ef¬ 
fect.  Of  the  nine  isolated  groups,  two  were  not  able  to  persevere 
for  the  10-day  period  and  were  dissolved;  and  two  others  developed 
such  serious  antagonism  (verbal  abuse,  hostile  suggestions,  etc.) 
between  members  that  intervention  was  deemed  necessary.  (Interest¬ 
ingly,  similar  behavioral  aberrations,  described  earlier,  occurred  on 
certain  Apollo  and  Skylab  missions.)  Three  of  these  four  "troubled 
groups"  were  homogeneously  high  on  need-dominance  and  two  were  het¬ 
erogeneous  in  regard  to  Need- Achievement.  These  four  "isolated 
groups"  —  out  of  the  nine  total  "isolated  groups"  —  became  incom¬ 
patible  after  only  a  week  or  so  in  isolation.  This  failure  stemmed 
from  the  unique  environment  of  isolation.  Of  the  nine  control 
groups,  none  aborted,  and  none  showed  this  degree  of  difficulty. 


Therefore,  more  research  using  Need  Dominance  and  Need-Achievement 
measures  as  predictor  variables  in  isolation  settings  needs  to  be  ac¬ 
complished. 

In  regard  to  task  performance  of  the  groups,  the  general  hy¬ 
pothesis  concerning  the  effect  of  isolation  was  not  borne  out,  for 
the  isolated  groups  performed  more  effectively  than  did  the  non-iso- 
lated  groups  (Haythorn  4  Altman,  1967).  Also,  the  personality  vari¬ 
ables  were  generally  contradictory  to  expectations.  Dyads, 
incompatible  with  respect  to  Dogmatism,  Need-Achievement,  and 
Need-Dominance  performed  better  than  did  dyads  compatible  in  these 
respects.  However,  the  compatible  Need-Affiliation  dyad  performed 
better  than  its  incompatible  counterpart. 

Crew  Size  and  Performance .  Since  the  space  program  is  changing 
to  include  more  astronauts  per  mission,  a  research  area  that  would 
seem  worthy  of  future  exploration  would  be:  What  effect  will  crew 
size  have  on  the  astronauts  and  the  mission?  Although  the  studies 
are  sparse,  theoretical  comparisons  are  possible  among  crew  size, 
performance,  and  satisfaction. 

U.S.  space  missions  thus  far  have  involved  primarily  two-person 
groups  (dyads)  or  throe-person  groups  (triads).  It  is  considered 
feasible  to  establish  orbital  bases  in  the  future  involving  10  to  20 
people  (Schlitz,  1983).  Subject  availability  and  other  practical 
considerations  have  discouraged  laboratory  studies  of  groups  larger 
than  three  or  four.  However,  naturalistic  studies  in  underwater  and 
polar  environments,  in  fallout  shelters,  and  in  organizational  set¬ 
tings  provide  some  basis  for  forecasting  the  effects  of  size  varia¬ 
tion  within  the  small-group  range.  Nevertheless,  any  forecasts  must 
be  considered  highly  tentative,  pending  the  results  of  experiments 
which  better  capture  the  conditions  associated  with  prolonged  space 
travel . 

Steiner  (1972,  1976)  and  Kleinhaus  and  Taylor  (1976),  among 
others,  have  reviewed  the  effects  of  group  size  on  problem  solving 
and  other  measures  of  performance.  They  suggest  that  increasing 
group  size  has  three  general  categories  of  effects  which  influence 
performance.  These  categories  are  pooling  effects,  motivational 
effects,  and  organizational  effects. 

Pooling  effects  refer  to  the  aggregation  of  knowledge,  abili¬ 
ties,  and  skills  within  a  group  (Steiner,  1972).  Adding  additional 
members  to  a  crew  increases  the  potential  range  of  cognitive  and 
manual  resources  that  are  available,  thereby  boosting  the  crew's 
performance  potential  (Steiner,  1976).  The  incremental  benefit  of 
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adding  new  crewmembers  will  decrease  as  the  crew  becomes  very  large, 
because  of  the  greater  likelihood  that  some  abilities  and  skills  will 
become  over-represented  within  the  subject  pool  (Kleinhaus  &  Taylor, 
1976).  This  may  occur  despite  careful  selection  procedures. 

Pooling  effects  should  result  in  larger  crews'  having  greater 
performance  potential  than  would  smaller  crews.  However,  other  con¬ 
sequences  of  increasing  crew  size  may  make  it  difficult  for  this 
potential  to  be  fully  realized  (Steiner,  1976). 

Motivational  effects  refer  to  the  impact  of  group  membership  on 
individual  involvement  and  commitment  to  pursue  group  goals.  This  is 
a  complex  array  of  effects  which,  depending  on  the  situation,  may 
undermine  or  improve  individual  performance. 

Organizational  effects  refer  to  the  consequences  of  activities 
which  are  intended  to  coordinate  group  members  and  structure  or  pat¬ 
tern  interaction  within  the  group.  The  larger  the  group,  the  more 
time  and  effort  may  be  required  to  attain  efficiency,  due  to  extrane¬ 
ous  activities.  Also,  more  time  and  effort  may  be  required  for  the 
maintenance  oi  interpersonal  coordination  (Steiner,  1976).  Organiza¬ 
tional  effects  are  typically  cast  with  adverse  connotations. 

A  simultaneous  consideration  of  pooling,  motivational,  and  organ¬ 
izational  effects  leads  to  the  hypothesis  that  as  the  size  of  the 
space  crew  increases,  there  may  be  a  reduction  of  benefits.  The 
rates  at  which  pooling,  motivational,  and  organizational  effects  are 
likely  to  occur  cannot  be  specified  with  precision,  but  the  general 
expectation  is  that  performance  will  first  improve  and  then  deterio¬ 
rate  with  increasing  crew  size.  This  implies  an  inverted-U  relation¬ 
ship  between  crew  size  and  individual  performance,  with  maximum  per¬ 
formance  being  associated  with  crews  of  intermediate  size  (minimal 
redundancy)  (Kleinhaus  &  Taylor,  1976).  The  exact  number  of  indi¬ 
viduals  required  for  optimal  group  performance  during  space  flight 
is,  of  course,  contingent  on  the  nature,  magnitude,  and  structure  of 
the  task. 

Crew  Size  and  Satisfaction.  The  size  of  space  crews  will  af¬ 
fect  both  individual  and  collective  performance.  Whether  large 
crews  are  associated  with  better  or  worse  overall  performance  will 
depend  upon  many  variables.  Among  the  broad  array  of  variables 
already  viewed,  another  variable  of  interest  is  member  satisfaction 
(Bluth,  1980,  1981;  Bluth  &  McNeal,  1981).  Increasing  crew  size 
increases  the  number  of  possible  dyadic  relationships  within  the 
crew  according  to  the  formula  (N2  -  N)/2,  where  N  is  the  number  of 
people  in  crew  (Sells  &  Gunderson,  1972).  Thus,  while  a  three-per- 
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son  crew  could  generate  three  dyadic  relationships,  a  six-person 
crew  could  generate  15  dyadic  relationships  and  a  12-person  crew 
could  generate  66  dyadic  relationships. 

Thus  far,  social  psychologists  have  tended  to  emphasize  the 
adverse  effects  that  increasing  grc  ip  size  has  on  individual  satis¬ 
faction,  motivation  and  commitment.  First,  it  has  been  suggested 
that  the  larger  the  group,  the  less  responsible  each  member  may  feel 
*or  the  group's  actions.  As  a  result,  ego  involvement  is  low 
(Darley  &  Latane,  1968).  Second,  the  larger  the  group,  the  less 
visible  individual  performance,  with  the  result  that  good  perform¬ 
ance  may  go  unrecognized  and  poor  performance  unpunished  (Darley  & 
Latane,  1968).  Third,  the  larger  the  group,  the  more  thinly  dis¬ 
tributed  are  social  recognition  and  other  rewards  that  follow  from 
good  performance  (Radloff  &  Helmreich,  1968).  Fourth,  the  larger 
the  group,  the  less  likely  that  the  individual  member  can  deepen 
commitment  by  making  meaningful  inputs  to  the  decision-making  proc¬ 
esses  (Kleinhaus  &  Taylor,  1976).  Finally,  it  has  been  suggested 
that  large  groups  sometimes  encourage  conditions  (such  as  anonymity) 
which,  in  turn,  give  rise  to  nonproductive  or  even  destructive  be¬ 
havior  (Diener,  Dineen,  Endressen,  Beaman,  &  Fraser,  1975;  Diener, 
Westford,  Diener,  &  Beaman,  1973;  Festinger  &  Thibaut,  1951;  Singer, 
Brusch,  &  Lublin,  1965). 

Several  field  studies  of  isolated  and  confined  groups  report 
somewhat  different  findings.  However,  the  evidence  from  studies  of 
isolated  and  confined  groups  is  a  bit  sketchy,  and  is  complicated 
methodologically  by  the  problems  that  relatively  large  groups  may  be 
stationed  at  a  relatively  comfortable  main  base,  while  at  the  same 
time,  small  groups  may  have  been  located  in  primitive  quarters  which 
offer  few  of  the  main  base's  amenities.  Keeping  these  confounds  in 
mind,  a  review  by  Smith  (1969)  suggests  that  fewer  emotional  and 
interpersonal  problems  occur  in  larger  groups  than  in  small  groups 
during  isolation  and  confinement.  Supporting  this  view  Doll  and 
Gunderson  (1969)  found  that  Antarctic  parties  varying  in  size  form  8 
to  10  reported  less  in  the  way  of  compatibility  and  accomplishment 
than  did  parties  ranging  in  size  from  20  to  30.  In  another  study, 
these  same  authors  (1971)  found  that  military  personnel  stationed  at 
small  bases  were  more  hostile  than  their  counterparts  at  more  heavily 
populated  bases.  Although  cross-study  comparisons  are  difficult,  it 
is  interesting  to  not  that  Georgia  Fallout  Shelter  Studies  (Hammes, 
Ahearn,  &  Keith,  1965;  Hammes  &  Osborne,  1965;  Hammes  &  Watson, 

1965),  which  imposed  very  spartan  conditions  on  large  groups,  had 
very  few  interpersonal  problems  and  very  low  defection  rates. 
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However,  the  crew  size- interpersonal  compatibility  relationship 
is  not  well  understood.  Because  few  studies  have  involved  varying 
groun  size  while  holding  other  variables  constant,  the  necessary 
knowledge  for  making  a  confident  prediction  is  lacking.  A  basic  re¬ 
search  question  concerns  identifying  the  function  of  the  relationship 
between  crew  size  (particularly  over  the  range  from  about  2  to  30 
crewmembers)  and  social  satisfaction.  Any  attempt  to  rate  the  ex¬ 
perimental  studies  on  group  size,  performance,  or  satisfaction  is 
difficult  due  to  the  questionable  comparability  of  these  groups.  Ad¬ 
ditionally,  the  relatively  short  intervals  of  time  studied  in  some 
experimental  and  field  studies  impose  yet  another  confounding  factor. 

IV.  ASSESSMENT  PROCEDURES 

Assessment  Needs.  Crews  of  astronauts  and  scientists  represent 
an  area  of  mixed  backgrounds,  discipline,  training,  language,  and 
goals.  Past  experience  has  shown  that  interactions  between  scien¬ 
tists  and  non-scientists  in  the  Arctic  and  Antarctic  and  on  oceano¬ 
graphic  research  vessels  has  been  an  area  of  tension  and  authority 
conflict  (Bernard  &  Killworth,  1974;  Bluth  &  McNeal,  1981;  Kanas  & 
Fedderson,  1971;  Vinograd,  1974,  1976)..  In  the  early  days  of  the 
American  space  program,  status  distinctions  between  scientists  and 
pilots  were  also  present  and  were  not  always  happily  remembered 
(Wolfe,  1979).  There  were  misunderstandings  over  miss?.""!  priorities 
and  scientific  objectives.  The  scientific  aspects  of  a  mission  were 
not  always  considered  to  be  of  major  importance  (Cunningtham,  1977; 
Wolfe,  1979). 

Cultural  and  background  differences  have  been  identified  as 
disturbances  that  affect  intercrew  tranquility  on  oceanographic  ves¬ 
sels.  Also,  crew  demands  sometimes  interfered  with  the  research 
objectives  for  which  the  cruise  was  funded;  and  at  times,  one  scien¬ 
tist’s  work  interfered  with  that  of  another,  causing  friction  and 
stress  (Helmreich,  1977).  In  one  extreme  case,  the  crew  threw  over¬ 
board  all  the  collected  specimens  in  an  expensive  expedition  because 
of  a  misunderstanding  over  the  use  of  the  ship's  freezers  (Benard  & 
Killworth,  1974).  These  interpersonal,  professional  misunderstand¬ 
ings  could  continue  to  occur  between  scientists  of  eclectic  back¬ 
grounds  and  the  astronaut  commander.  Some  type  of  educational 
intervention  appears  to  be  necessary  to  rectify  the  problem  of  inter¬ 
personal  conflict,  between  scientist  and  non-scientist  (Bluth,  1980). 

It  could  be  argued,  however,  that  the  Skylab  Program  had  a  pro¬ 
fessionally  mixed  (e.g.,  scientists  and  non-scientists/pilot)  astro¬ 
naut  crew.  Nevertheless,  except  for  skylab  4,  no  major  conflicts 
developed.  Howe/er,  in  the  Skylab  situation  the  crews  trained  to- 


gether  for  many  years,  and  each  scientist  was  considered  a  full-time 
astronaut.  This  will  not  be  the  case  in  shuttle  missions  with  pay- 
load  specialists  (i.e.,  individuals  with  special  skills  to  accomplish 
the  goals  of  a  particular  space  flight)  who  are  to  fly  for  one  time 
only  and  are  oriented  toward  the  successful,  stressful,  and  ego-in¬ 
volving  accomplishment  of  their  assigned  experiments. 

The  evolutionary  changes  in  space  missions,  objectives,  train¬ 
ing,  crews,  and  leadership  paradigms  can  be  seen  in  Figure  1.  The 
flight  crews  from  Mercury  up  through  Skylab  were  small,  homogeneous 
units  (Brady,  1983)*  All  crewmembers  had  trained  together  over  a 
long  period  of  time,  in  countless  situations.  Consequently,  a  coher¬ 
ent  team  developed,  with  little  actual  professional  or  status  differ¬ 
entiation  (Bluth,  1981).  Experiments  and  objectives  were  carefully 
worked  out,  and  outcomes  were  predictable  for  the  most  part.  Since 
mission  objectives  had  been  clarified,  from  the  initial  Mercury  pro¬ 
gram  through  the  Apollo  missions,  little  emphasis  was  placed  on  lead¬ 
ership  styles.  However,  considering  the  interpersonal  hostility 
aboard  Apollo  9,  Apollo  13,  and  Skylab  H,  perhaps  more  attention 
should  have  been  paid  to  leadership  skills. 

During  Skylab,  some  experiments  were  more  open-ended,  but  that 
was  the  exception,  not  the  rule.  However,  with  the  coming  of  a 
Spacelab,  important  changes  will  emerge  (Helmreich,  1983).  The  crew 
will  no  longer  be  homogeneous.  There  are  important  differences  be¬ 
tween  astronauts,  mission  specialists,  and  payload  specialists. 
Training  is  not  the  same  for  these  different  professionals.  The 
commander  and  pilot  are  all  trained,  with  full  astronaut  status.  The 
mission  specialist  has  astronaut  status,  but  is  not  trained  as  a 
pilot.  Payload  specialists  have  only  1  year  of  training  in  space 
safety  (Montemerlo,  1982).  These  latter  crewmembers  are  not  astro¬ 
nauts  in  the  traditional  sense  of  the  term.  These  individuals  are 
not  spacesuit  qualified  and  are  not  pilots  (Montemerlo,  1982).  With 
the  separation  of  training  and  the  significant  professional  distinc¬ 
tions,  an  important  status  differentiation  emerges.  It  is  felt  that 
these  differences  could  hinder  or  jeopardize  the  success  of 
long-duration  space  flight.  To  minimize  interpersonal  friction, 
formal  training  in  leadership  theory,  small-group  behaviors,  and  the 
careful  selection  of  crews  for  optimum  capability  needs  to  be  ad¬ 
dressed,  Each  of  these  constructs  will  be  discussed  in  turn,  follow¬ 
ing  a  historical  description  of  psychology's  role  in  selecting 
astronaut  candidates. 
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Current  Assessment  Procedures.  Since  the  inception  of  the 
manned  space  program,  there  has  been  an  emphasis  on  selecting  only 
those  astronauts  who  would  be  the  most  psychologically  resistant  to 
those  problems  that  could  result  from  the  exotic,  stressful,  and 
unforgiving  environment  of  space  (Brady,  Bigelow,  Emurian,  & 

Williams,  1974;  Fine  &  Jennings,  1966;  Grether,  1962;  Hartman  & 

Flinn,  1964;  Kanas  &  Fedderson,  1971;  Ruff,  1959a).  The  selection 
procedure  of  the  initial  31  military  test  pilots  to  the  astronaut 
corps  included  comprehensive  medical  and  physiological  tests.  Fif¬ 
teen  psychological  tests  were  also  administered  (Grimwood,  1964; 

Lamb,  1963;  Wilson,  1959).  The  15  tests  used  for  astronaut  selection 
primarily  examined  the  neuropsychological  and  personality  traits  of 
the  applicants.  A  multi-modal  approach,  using  self-report,  projec¬ 
tive  techniques  and  biochemical  assays,  was  employed  to  obtain  only 
the  most  qualified  astronauts  and  to  eliminate  individuals  having 
psychopathologies  (Flinn  et  al.,  1963). 

Regarding  the  psychological  selection  requirements  for  potential 
astronauts,  the  emphasis  was  to  select  an  individual  who  possessed 
certain  desirable  traits  or  characteristics,  and  would  be  unlikely  to 
have  any  problems.  An  individual  was  sought  who  had  a  high  degree  oi 
intelligence,  preferably  characterized  by  mathematical  and  spatial 
aptitudes  (Flinn  et  al.,  1963).  The  Wechsler  Adult  Intelligence 
Scale  (WAIS) ,  the  Doppelt  Math  "Reasoning  Test,  and  the  Minnesota  En¬ 
gineering  Analysis  test  were  selected  for  measuring  the  presence  of 
these  intelligence  traits  in  the  Mercury  and  Apollo  space  programs. 
For  the  selection  of  the  space  shuttle  astronauts,  the  Shipley  Insti¬ 
tute  of  Living  Scale  replaced  the  WAIS,  and  the  Miller  Analogies  Test 
was  used  for  measurement  of  general  intelligence  and  verbal  achieve¬ 
ment  (Patterson  &  Jones,  1982). 

In  addition  to  a  minimum  IQ  of  132,  the  astronauts  for  the  Mer¬ 
cury,  Apollo,  and  space  shuttle  flights  needed  to  be  well  adjusted 
(Flinn,  et  al.,  1963;  Lamb,  1963;  Patterson  &  Jones,  1982).  Along 
with  the  ability  to  work  closely  with  others  (which  was  evaluated 
daily),  astronauts  were  also  expected  to  tolerate  extreme  isolation 
without  undue  anxiety.  This  aspect  was  measured  by  using  sensory 
deprivation  experiments  (Imus,  1961;  Sells  &  Berry,  1958).  The  as¬ 
tronaut  candidate  was  also  expected  to  possess  the  necessary  flexi¬ 
bility  and  adaptability  to  meet  any  emergency  without  psychological 
disintegration  (Kubis  &  McLaughlin,  1967;  Novosti,  1977;  Wilson, 
1959).  However,  this  characteristic  was  subjectively  evaluated  by 


23 


nonpsychological  ’'experts”.  Psychologists  were  not  allowed  to  pro¬ 
vide  input  into  these  so-called  "operational”  matters  (Brady,  1983; 
Helmreich,  1983). 

Behavior  indicative  of  a  deliberate,  rather  than  an  impulsive 
person  was  also  deemed  critical  (Ambler,  Berkshire,  &  O'  Connor, 

1961;  Bair  &  Gallagher,  1958).  Additionally,  the  candidates'  motiva¬ 
tion  for  volunteering  in  the  space  program  was  to  be  mission-oriented 
rather  than  based  on  a  personal  need  for  achievement  (Beyer  &  Sells, 
957;  Wilson,  1959).  The  presence  of  these  traits  was  subjectively 
determined  by  observations  of  the  astronauts'  behavior  during  their 
rigorous  daily  activities.  A  post-hoc  analysis  of  the  astronaut 
volunteers  showed  that  volunteers  were  superior  to  non-volunteers  on 
aptitudes,  preflight  performance,  flight  grades  and  motivation  (Am¬ 
bler,  et  al.,  1961;  Wilson,  1959). 

Thus,  the  existence  of  desirable  traits  in  the  astronauts  was 
evaluated  by  psychological  tests,  interviews,  and  daily  observations 
of  behavior  and  performance  under  stressful  test  conditions  (Flinn, 
et  al.,  1963).  It  should  be  noted  that  4  of  the  31  astronaut  final¬ 
ists  (out  of  500  hopefuls)  were  eventually  eliminated  for  potential 
psychological  inadequacies  (Ambler,  et  al.,  1961;  Flinn,  et  al., 

1963;  Hartman  &  Flinn,  1964). 

The  projective  tests  used  in  the  initial  screening  procedure 
included:  the  Rorschach  Inkblot,  Thematic  Apperception  Test  (TAT), 
Draw-a-Person  Test,  and  the  Bender  Visual  Motor  Gestalt  test.  These 
tests  were  used  to  tap  into  the  persons'  pre/subconsciousness  (Trego 
&  Sells,  1970).  The  theory  behind  using  the  projective  approach  was 
to  ascertain  if  repressed  material  existed  (Beck,  1950;  Brockaway, 
1954;  Rapaport,  1979)  which  could  cause  problems  for  the  prospective 
astronaut  (Patterson  &  Jones,  1982;  Trego  &  Sells,  1970). 

For  the  selection  of  astronaut  candidates  to  the  space  shuttle 
program,  additional  psychological  tests  were  used.  These  tests  in¬ 
cluded  the  Schedule  of  Recent  Life  Events  (SRE),  the  Rotter  I-E 
Scale,  and  the  Jenkins  Activity  Survey  (JAS)  (Patterson  &  Jones, 
1982). 

The  underlying  assumption  of  the  SRE  is  that  life  changes  per  se 
are  stressful  and  that  behavioral  aberrations  are  more  apt  to  occur1 
as  the  number  of  major  life  stressors  increases  above  a  certain 
critical  level.  However,  the  SRE  fails  to  discriminate  between  posi¬ 
tive  and  negative  stressors.  After  reviewing  other  major  life  change 
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scales,  the  SRE  was  considered  most  appropriate  since  all  that  was 
sought  was  an  indication  of  each  candidate's  recent  life  stress 
(Patterson  &  Jones,  1982). 

Another  psychological  instrument  used  for  the  selection  of  as¬ 
tronauts  was  the  Rotter  Internal-External  (I-E)  Scale.  The  Rotter 
I-E  Scale  is  concerned  with  measuring  differences  between  individu¬ 
als'  perceptions  of  the  degree  to  which  events  are  controlled  by 
means  available  to  them  (Rotter,  1966).  This  perspective  suggests 
that  some  persons  believe  in  their  capacity  to  manipulate  events  to 
facilitate  accomplishment  of  personal  goals  (internal  perspective). 
Other  persons  feel  that  goal  achievement  is  dependent  on  decisions, 
forces,  or  circumstances  over  which  they  have  no  control,  or  upon 
means  to  which  they  have  no  access  (Rotter,  1966).  Rotter’s  I-E 
scale  provides  a  means  for  measurement  of  this  orientation.  An  in¬ 
ternal  perspective  was  deemed  as  a  more  desirable  trait  for  the  as¬ 
tronaut  candidate  than  an  external  perspective  (Patterson  &  Jones, 
1982). 

The  Jenkins  Activity  Survey  (JAS)  was  chosen  as  a  suitable  psy¬ 
chological  instrument  to  classify  each  astronaut  candidate's  person¬ 
ality  as  either  Type  A  or  Type  B  (Patterson  &  Jones,  1982).  The  JAS 
was  used,  instead  of  the  more  lengthy  structured  interview,  because 
of  the  time  allotted  for  the  psychological  screening  tests.  The  JAS 
is  a  paper-and-pencil  test  which  is  objectively  scored  and  inter¬ 
preted.  This  test  is  content-oriented,  with  classification  based 
upon  the  astronaut  candidates'  descriptions  of  their  own  behavior. 

The  JAS  asks  questions  relative  to  how  fast  subjects  perform  tasks, 
how  they  respond  to  waiting,  and  how  involved  they  are  with  their 
work  (Jenkins,  Rosenman  &  Friedman,  1967). 

In  addition  to  the  psychological  tests,  interviews,  and  obser¬ 
vations  of  performance  under  stressful  conditions,  the  physiological 
measures  of  the  astronaut  candidates'  catecholamine  and  3-me- 
thoxy-JJ-hydroxymar.delic  acid  excretion  levels  were  provided  by  the 
physicians  (Gold.  1959).  Thus,  a  rnulti-modal  research  approach 
(self-report,  behavioral  observation,  and  biochemical  measures)  was 
used,  and  still  is  being  used,  for  the  initial  selection  of  astro¬ 
nauts  (Patterson  &  Jones,  1982). 

Additional  Psychological  Variables  that  Need  to  be  Assessed.  A 
number  of  factors  have  bec-n  mentioned,  thus  far,  regarding  the  selec¬ 
tion  of  astronauts.  These  include  psychological  adjustment,  exten¬ 
sive  flight  experience  (the  original  Mercury  Astronauts  were  all  test 
pilots),  and  scientific  training  (in  the  case  of  the  later  Scien¬ 
tist-astronauts).  Thus  far,  the  primary  psychological  and  psychiat- 
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ric  emphasis  has  been  on  detecting  psychological  pathologies,  with 
little  emphasis  placed  on  selecting  those  astronauts  who  would  be  the 
most  "psychologically  compatible"  (Brady,  1983;  Flinn,  et  al.,  1963; 
Helmreich,  1983;  Patterson  &  Jones,  1982;  Wilson,  1959). 

As  previously  noted,  inter-crew  friction  had  developed  which 
impinged  on  mission  performance,  causing  cancellation  of  certain 
experiments  (Bluth,  1980;  Cooper,  1976;  Oberg,  1981,  1983).  To 
avoid  the  reoccurrence  of  this  problem,  perhaps  a  better  approach 
for  the  manned  space  program,  in  addition  to  screening  for  psycho¬ 
logical  problems,  would  be  to  select  for  advantageous  (i.e., 
crew- oriented)  psychological  characteristics.  These  characteristics 
would  be  general  enough  to  be  applicable  to  all  space  missions,  and 
include  cooperativeness,  need-achievement,  masculine-feminine 
traito,  and  leadership  skills. 

Cooperatlveneas .  Space  voyagers  will  perform  highly  interde¬ 
pendent  ventures  which  require  cooperation  for  success.  According 
to  McClintock  (1972;  McClintock,  Moskowitz  &  McClintock,  1 977 ) » 
people  vary  in  terms  of  their  interests  in  coordinating  their  ef¬ 
forts  for  mutual  gains.  He  postulates  three  potential  types  of 
motivation. 

"Own  gain  motivation"  refers  to  a  preference  for  doing  as  well 
as  one  can  for  oneself,  regardless  of  how  one's  choices  affect  other 
people.  If  it  is  personally  beneficial  to  choose  a  course  which 
happens  to  benefit  someone  else,  knowledge  of  the  likely  harm  has 
little  deterrent  effect  (McClintock  et  al.,  1977). 

"Relative  Gain  motivation"  prompts  one  to  receive  a  higher 
level  of  rewards  than  the  other  people  in  the  relationship.  The 
important  consideration  for  the  person  governed  by  relative  gain 
motivation  is  to  "best"  other  people  by  always  "coming  out  on  top" 
(McClintock  et  al.,  1977). 

"Joint  gain  motivation"  refers  to  preferences  for  courses  of 
action  which  produce  benefits  for  other  people,  as  well  as  for  one¬ 
self.  Joint  gain  motivation  includes  both  a  sensitivity  to  other 
peoples'  needs  and  a  concern  for  their  welfare  (McClintock  et  al., 
1977). 

McClintock  and  his  associates  hypothesize  that  each  person  is 
more  or  less  consistently  governed  by  one  of  these  three  motives 
(Maki,  Thorngate,  &  McClintock,  1979;  McClintock,  1972).  Each  mo¬ 
tive  is  believed  to  stem  from  early  childhood  socialization  and 
reflects  both  familial  and  cultural  values,.  A  better  understanding 


of  these  motives  may  prove  beneficial  for  selecting  the  most  compat¬ 
ible  astronaut  crew  for  long-duration  space  flight.  A  means  of  meas¬ 
uring  cooperativeness  in  potential  astronauts  could  be  through  the 
use  of  a  confederate  (i.e.,  another  astronaut  in  a  training  situa¬ 
tion)  . 

Need-achievement .  Relevant  to  cooperativeness  is  Helmreich' s 
work  on  need-achievement  (Helmreich  et  al,  1980).  Classically, 
need-achievement  has  been  defined  as  a  persistent  preference  for 
engaging  in  success-related  activities  (Atkinson,  1958;  Atkinson  & 
Birch,  1978).  People  with  high  need-achievement  have  many  admirable 
qualities,  but  problems  may  arise  onboard  a  space  vehicle  if  attain¬ 
ing  standards  of  excellence  involves  "prima  donna”  behaviors  or  a 
put-down  of  other  members  of  the  crew.  According  to  Helmreich, 
need-achievement  can  be  reconceptualized  as  the  involvement  of  three 
independent  factors.  "Work  orientation"  refers  to  motivation  to  work 
hard  because  work  is  valuable  activity  in  and  of  itself.  "Mastery 
orientation"  refers  to  a  desire  to  continually  improve  one’s  own  best 
performance.  "Competition"  refers  to  an  attempt  to  do  better  than 
other  people.  Helmreich  et  al.  (1980)  hypothesized  that  the  combined 
interests  of  task  accomplishment  and  social  compatibility  will  be 
best  served  if  crewmembers  show  a  strong  work  and  mastery  orienta¬ 
tion  but  relatively  little  competitiveness.  The  rationale  is  that 
competitive  individuals  are  likely  to  create  interpersonal  stress  and 
hostility.  The  tension  that  results  could  adversely  affect  collab¬ 
orative  performance  and  further  undermine  the  quality  of  a  challeng¬ 
ing  social  environment,  the  quality  of  which  has  already  been  sapped 
by  the  conditions  of  life  in  space  (Helmreich  et  al.,  1980). 

The  need-achievement  hypothesis  is  intriguing,  given  the  com¬ 
petitive  orientation  of  the  early  astronauts  (Cunningham,  1977; 

Wolfe,  1979).  The  available  evidence  suggests  that  work  orientation 
and  mastery  orientation  positively  correlate  with  performance,  and 
competition  negatively  correlates  with  performance  (Helmreich  et  al., 
1980).  Additional  research  is  required  to  test  this  hypothesis  under 
conditions  analogous  to  extended-duration  space  flight.  In  addition, 
it  might  be  of  interest  to  explore  the  possibility  that  the  extent  of 
the  frictions  generated  by  one  crewmember's  competitiveness  may  vary 
as  a  function  of  the  orientations  of  the  other  members  of  the  crew. 

Masculine  and  Feminine  Traits.  Research  by  Helmreich,  and  oth¬ 
ers,  has  focused  on  the  study  of  masculine-instrumental  traits  and 
feminine-expressive  traits  as  measured  by  the  Personal  Attributes 
Questionnaire  (PAQ)  (Helmreich  &  Spence,  1976;  Helmreich,  Spence,  & 
Holahan,  1979;  Spence  &  Helmreich,  1978).  Masculinity  and  femininity 
were  long  considered  to  be  the  end  points  of  a  psychological  contin- 
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uum,  with  all  individuals  falling  somewhere  along  this  continuum 
(Helmreich,  et  al.,  1979).  This  formulation  bore  the  additional 
assumption  that  the  possession  of  one  attribute  (i.e.,  masculinity) 
necessarily  implied  the  lack  of  the  other.  A  number  of  investigators 
have  questioned  the  validity  of  this  historic  assumption  and  consid¬ 
erable  research  has  supported  a  redefinition  of  the  psychological 
natures  of  men  and  women  (Ickes  &  Barnes,  1978;  Helmreich  et  al., 
1980;  Klein  &  Willerman,  1979;  Spence  &  Helmreich,  1978). 

Psychological  masculinity  has  recently  come  to  be  defined  "as  a 
constellation  of  attributes  denoting  an  instrumental,  goal-seeking 
orientation",  whereas  femininity  has  been  defined  "as  a  set  of  char¬ 
acteristics  reflecting  psychological  expressivity  and  sensitivity  to 
the  feelings  and  needs  of  others"  (Spence  &  Helmreich,  1978).  Re¬ 
search  by  Helmreich  and  Spence;  Helmreich  et  al.,  1980;  Spence  & 
Helmreich,  1978;  Spence,  Helmreich,  &  Holahan,  1979)  suggests  that 
some  individuals  of  both  sexes,  who  score  high  in  masculinity  and 
femininity  (i.e.,  labeled  as  psychologically  androgynous)  appear  to 
have  a  number  of  important  advantages.  For  instance,  they  have  the 
capacity  for  both  goal-seeking  instrumental  behavior  and  for  inter¬ 
personal  sensitivity.  The  extent  to  which  these  capacities  are 
exercised  depends  largely  upon  situational  demands.  These  androgy¬ 
nous  people  appear  to  have  positive  self-concepts,  as  well  as  re¬ 
warding  interpersonal  relationships.  (Helmreich  and  his  associates 
carefully  separate  the  capacity  for  instrumental  and  expressive  be¬ 
haviors  from  other  sex-linked  behaviors  and  from  gender/role  prefer¬ 
ence)  . 

Furthermore,  other  laboratory  research  suggests  that  strong 
instrumentality,  combined  with  interpersonal  sensitivity,  is  associ¬ 
ated  with  enhanced  task  fulfillment  and  more  rewarding  social  inter¬ 
actions  (Ickes  &  Barnes,  1978).  These  concepts  would  appear  to 
represent  highly  desirable  traits  for  astronauts  selected  for  pro¬ 
longed-duration  space  missions.  Additionally,  the  measurement  of 
these  traits  are  made  very  simple  by  using  the  PAQ.  The  inclusion 
of  the  PAQ  into  NASA’s  operational  inventory  would  seem  promising 
for  reducing  the  interpersonal  conflict  historically  associated  with 
long-duration  space  flight. 

Leadership  Traits.  In  this  section  some  social  processes  that 
are  likely  to  occur  among  space  crewmembers  will  be  addressed.  The 
specific  topics  to  be  considered  include  leadership,  cohesiveness, 
and  changes  that  can  be  expected  over  time. 
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The  increasingly  important  role  that  leadership  will  have  to 
play  in  long-duration  space  flight  is  a  critical  factor  for  future 
successful  space  missions  (Hauty,  1958;  Haythorn,  McGrath,  Hollander, 
Latane,  Helmreich  &  Radloff,  1972;  Jacobs,  1971).  As  space  travel 
becomes  more  routine,  public  interest  is  expected  to  wane  (Brady, 
1983;  Helmreich  4  Spence,  1976).  The  effect  of  diminished  public 
interest  could  result  in  a  lessening  of  the  astronaut's  personal 
inhibitions  and  thereby  cause  more  frequent  interpersonal  conflicts 
during  the  space  mission  (Leonov  &  Lebedev,  1975).  Also,  with  the 
cadre  of  civilian  scientists  —  turned  space  travelers  —  steadily 
increasing,  the  challenge  for  effective  leadership  will  expand  as 
well  (Bluth,  1981).  Unfortunately,  one  of  the  most  valuable  of  all 
human  commodities,  the  leadership  ability  of  people,  still  remains  an 
elusive,  complex  entity,  which  is  best  quantified  during  or  after  a 
mission  (Brady,  1983;  Helmreich,  1980).  However,  since  astronauts 
nave  not  yet  experienced  any  truly  long-duration  space  flights  (as 
have  the  Soviet  cosmonauts),  direct  observations  and  po3t~hoc 
debriefings  are  not  available  to  assist  us  in  discussing  leadership. 

Leadership  involves  the  application  of  a  flexible,  continuous 
process  by  which  the  leader  uses  institutionally  designated  power  and 
personal  charismatic  authority  to  persuasively  influence  individuals 

HaVr°n  &  McGrafch‘  1961).  According  to  Hollander 
(1978),  leaders  exercise  their  influence  for  the  following  purposes: 
to  meet  challenges  posed  from  without,  to  set  goals,  to  maintain 
group  harmony ,  and  to  interpret  conditions  which  are  threatening  to 
the  group.  For  the  leader  to  be  effective,  the  power  to  exert  influ¬ 
ence  mus^  have  been  conferred  through  appointment  by  a  higher  author- 

the  group  ifc3elf  (Cooper,  1966;  Ivancevich  &  Donnelly, 
1970).  Authority  is  concerned  with  influence  which  is  generated  from 
occupying  a  specific  place  in  the  organizational  hierarchy 
(Ivancevich  &  Donnelly,  1970).  Power  suggests  that  one  individual 
has  something  that  another  individual,  or  group,  wants  or  needs,  and 
that  influences  the  latter's  actions  (French  &  Raven,  1958), 

Drawing  from  these  definitions,  the  effective  astronaut  leader 
would  be  expected  to  judiciously  exert  power,  in  a  cooperative  man¬ 
ner,  to  facilitate  the  interpersonal  processes  involved  in  establish¬ 
ing,  planning  for,  accomplishing,  and  evaluating  mutually  desired 
professional  objectives.  Therefore,  the  commander  of  the  space  vehi- 
cle  must  possess  the  discernment  required  to  transform  power  and 
authority  into  influence  in  order  that  appropriate  sharing,  learning, 
or  change  can  occur  within  subordinate  individuals  or  groups. 
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Although  one  group  member  may  be  elected  or  appointed  leader  and 
assigned  distinguishing  tokens  of  status  and  rank,  the 
leader/followership  distinction  is  oftentimes  blurred  (Fleischman, 
Harris,  &  Burtt,  1955;  Fiedler,  1971;  Fiedler,  Chemere  &  Mahar, 

1978).  Leadership  is  a  relational  concept,  with  the  result  that  the 
person  who  is  leader  from  an  initial  perspective  is  a  follower  when 
viewed  from  another  outlook  (Hollander,  1978).  In  any  multi-level, 
hierarchical  structure,  most  people  will  fill  both  leader  and  fol¬ 
lower  roles.  This  process  necessitates  that  the  leader  voluntarily, 
albeit  temporarily,  relinquish  the  leadership  role  in  a  particular 
group,  and  assume  that  role  of  follower  (Fiedler,  et  al.,  1971, 

1976).  Such  instances  are  easily  imaginable  when  one  considers  the 
technological  complexity  that  comprises  a  space  vehicle  and  the  re¬ 
sulting  shifts  in  responsibility  that  necessarily  accompany  technical 
demands  in-flight.  Therefore,  the  space  leader's  desire  to  assist 
the  group  in  accomplishing  its  objectives  should  take  precedence  over 
a  temporary  status  change  (Maloney,  1979). 

Other  leadership  variables  include  autocratic  and  participative 
leadership  styles.  Leaders  who  make  decisions  without  soliciting 
subordinates'  inputs  are  said  to  use  autocratic  procedures.  Leaders 
who  solicit  subordinates'  inputs  are  said  to  use  participative  or 
consultative  decision  making  —  where  the  leader  seeks  opinions  of 
the  rank  and  file. 

Early  "leadership  climate"  research  undertaken  on  the  eve  of 
World  War  II  suggested  many  advantages  to  the  democratic  approach 
(Lewin,  Lippitt,  &  White,  1939).  Most  reviewers  seem  to  believe  that 
modal  group  members  can  offer  very  useful  informavion  and  conclude 
that  more  often  than  not  the  quality  of  a  decision  will  be  enhanced 
by  membership  participation  (Steiner,  1972,  1976;  Kleinhaus  &  Taylor, 
1976).  In  addition,  it  has  been  found  that  organizational  members 
are  more  likely  to  feel  more  personal  commitment  to  decisions  which 
they  have  helped  to  make,  than  to  decisions  which  have  been  imposed 
from  above  (Coch  &  French,  1948;  Hollander,  1978;  Kleinhaus  &  Taylor, 
1976).  The  element  of  interpersonal  dynamics  incorporated  into  these 
observations  ha3  emerged  from  years  of  research  on  group  processes 
and  the  role  of  leadership  (Bales,  1950;  Bass,  I960;  Burke,  1972; 
Cartwright,  1968;  Fiedler,  1971;  Fleischman,  et  al.,  1955;  French, 
1949).  However,  the  overall  picture  contains  many  complexities.  The 
optimum  point  along  the  autocratic-democratic  continuum  depends  on 
such  variables  as  the  personalities  of  the  group  members,  the  distri¬ 
bution  of  knowledge  and  skill  within  the  group,  the  group's  size  and 
organization,  and  the  degree  of  structure  that  the  problem  requires 
(Hollander,  1978;  Vroom,  1976;  Vroom  &  Yetton,  1973)* 
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Likewise,  the  Soviets  have  discovered  luring  their  ex¬ 
tended-duration  space  flights  that  the  satisfaction  crewmembers  have 
with  their  leaders,  peers,  and  environmental  milieu  contributes  mean¬ 
ingfully  towards  mission  success  (Bluth,  1981;  Borrowman,  1982; 

Oberg,  1983).  Conversely,  a  lack  of  satisfaction  can  interact  nega¬ 
tively  with  other  annoyances  and  produce  problems,  as  happened  during 
the  Apollo  13  and  Skylab  4  flights  (Cooper,  1976;  Wolfe,  1979). 
Therefore,  the  space  commander  who  aspires  to  leadership  should  pos¬ 
sess  the  resiliency  characteristics  of  a  leader  who  emerges  from,  and 
always  returns  to,  the  wants  and  needs  of  those  on  which  mission 
success  depends.  For  example,  the  Russians  have  reported  success 
with  procedures  whereby  mission  decisions  were  made  by  the  commander 
while  crew  issues  were  decided  by  democratic  votes  (Leonov  &  Lebedev, 
1975).  However,  the  ultimate  success  of  a  long-duration  space  flight 
may  well  be  decided  by  the  interactional  leadership  skills  that  the 
commander/leader  has  acquired  through  education,  training,  and  expe¬ 
rience  (Berry,  1973). 

Additional  leadership  variables  include  task  and  socio-emotional 
leadership  activities.  Task  activities  are  those  actions  which  as¬ 
sist  the  group  in  accomplishing  or  moving  toward  its  goal. 
Socio-emotional  activities  promote  harmonious  relations  within  the 
group  (Katz  &  Kahn,  1978).  Socio-emotional  leadership  is  at  least  as 
important  as  task  leadership,  and  judging  by  some  of  the  literature 
(Leonov  &  Lebedev,  1975),  perhaps  even  more  so. 

It  is  not  clear  how  frequently  the  same  individual  can  fill  both 
task  and  socio-emotional  leadership  roles.  A  review  of  the  leader¬ 
ship  styles  used  by  Arctic  expeditionary  leaders  showed  few  individu¬ 
als  were  capable  of  both  task  and  socio-emotional  leadership  skills 
(Leonov  &  Lebedev,  1975).  Leonov  and  Lebedev’s  findings  are  sup¬ 
ported  by  the  pioneering  research  of  Bales  (1950,  1953,  1958,  1970). 
This  research  found  that  some  people  engaged  in  mere  task  and 
socio-emotional  activities  than  did  others,  and  as  a  result,  were 
offered  leadership  status  (Bales,  1950,  1953).  However,  according  to 
Bales  (1958),  the  person  who  primarily  engages  in  the  most  task  ac¬ 
tivities  is  not  the  same  person  who  performs  the  most  socio-emotional 
activities.  In  effect,  two  leaders  emerged.  The  task  leader  was 
rated  as  having  the  best  ideas,  being  the  most  influential,  and  of¬ 
fering  the  most  guidance  (Bales,  1958,  1970),  whereas  the  socio-emo¬ 
tional  leader  was  the  most  liked  individual  (Bales,  1958,  1970).  A 
possiole  explanation  for  the  second  leader’s  emergence  is  that  the 
task  leader’s  purposeful  urgings  (e.g.,  unpopular  decisions,  criti¬ 
cism)  hurt  people’s  feelings.  To  soften  the  impact  of  the  first 
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leader's  task-oriented  actions,  the  second  leader  emerges  by  showing 
concern  both  for  the  individual's  feelings,  and  for  the  group's  goal. 

Based  on  the  literature,  one  could  anticipate  the  emergence  of  a 
second  (e.g.,  socio-emotional )  leader  during  a  prolonged  space  flight 
(assuming  a  crew  greater  than  a  dyad).  However,  this  might  not  be 
the  case.  Interestingly,  when  a  leader  is  designated  by  a  higher 
authority  and  is  hence  perceived  as  "legitimate",  group  members  are 
more  accepting  of  heavy-handed  task  acts,  and  the  need  for  the  second 
leader  diminishes  (Katz  K  Kahn,  1978).  Earlier  research  by  Jacobs 
(1971)  has  demonstrated  that  the  leader  can  afford  to  be  firm  when 
accepted  by  the  group,  pursuing  clear  goals,  and  invested  with  power 
to  reward  and  punish  (Jacobs,  1971).  However,  when  goals  are  un¬ 
clear,  the  leader's  authority  or  power  can  often  appear  diminished. 
Consequently,  difficulties  are  bound  to  arise,  and  the  leader  will 
probably  have  to  resort  to  other  sources  of  power  to  maintain  a  modi¬ 
cum  of  tranquility,  while  still  accomplishing  the  tasks  at  hand. 

Through  a  consideration  of  power  as  influence,  and  influence  as 
affecting  desired  psychological  change,  French  and  Raven  (1958)  ex¬ 
panded  the  understanding  of  power  through  formulation  of  a  classic 
typology.  The  resultant  categorization  provides  five  bases  for 
power.  The  first  is  reward  power.  This  form  of  power  exerts  its 
potential  Influence  by  creating  in  the  follower  an  awareness  that  the 
leader  has  the  capability  to  provide  followers  with  3cme  desired 
substantial  incentive,  in  exchange  for  conformity  to  a  designated 
request. 

In  contrast  to  reward  power,  is  coercive  power.  This  second 
form  of  power  has  its  roots  in  the  follower's  perception  that  the 
leader  has  the  capacity  to  impose  sanctions  on  the  follower's 
non-compliant  behavior. 

Legitimate  power,  which  forms  a  third  basis  of  power,  is  opera¬ 
tionalized  in  the  leadership  situation,  in  a  complex  manner.  The 
major  thrust  of  legitimate  power  is  achieved  within  the  psyche  of  the 
individual  one  wishes  to  influence.  The  degree  to  which  a  person 
will  ascribe  legitimate  powers  to  the  leader  is  based  on  how  well  the 
person  has  internalized  values  regarding  who  has  a  "right"  or  "ought" 
to  lead  him/her.  If  followers  perceive  these  qualities  as  being 
present  in  an  individual  leader,  they  will  acquiesce  to  what  they 
view  as  the  leader's  legitimate  power  (French  &  Raven,  1958).- 
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The  remaining  two  categories  of  power  might  well  be  considered 
as  largely  pertaining  to  qualities  and  resources  within  the  leader. 
Referent  power  may  be  likened  to  charisma,  in  its  most  grandiose 
interpretation.  The  basis  for  referent  power  lies  in  the  potential 
for  personal  identification  with  qualities  admired  in  the  leader.  To 
the  extent  that  this  positive  transference  is  sustained,  the  follower 
will  have  incentive  to  adhere  to  behaviors,  perceptions,  and  beliefs 
similar  to  those  of  the  leader.  Comparatively,  expert  power  is  a 
more  circumscribed  base  of  power.  This  category  of  power  is  bestowed 
on  a  leader,  when  the  followers  have  observed  in  the  leader  some 
knowledge,  training,  experience  or  ability  which  they  believe  to  be 
lacking  in  themselves.  The  leader  is  then  ascribed  a  power  that 
results  from  this  imagined  expertise  in  an  area  of  which  the  follower 
has  limited  knowledge.  Occasionally,  a  "halo”  effect  may  occur, 
whereby  this  power  base  extends  into  other  areas  of  knowledge. 

A  person  who  can  lead  competently  under  one  set  of  conditions 
may  prove  ineffective  under  other  conditions  (Fiedler,  1967,  1971 » 
1978;  Hollander,  1978;  Katz  &  Kahn,  1978;  Mann,  1959).  Perhaps  one 
of  the  most  promising  theories  which  simultaneously  considers  both 
situational  and  personality  factors  is  Fiedler’s  (1967,  1971,  1978) 
Contingency  Theory  of  leadership.  Concerned  with  predicting  "per¬ 
formance"  ratner  than  satisfaction  or  morale,  Contingency  Theory  has 
been  tested  successfully  in  many  military  and  civilian  settings  and 
deserves  close  attention  for  use  in  the  space  program.  The  independ¬ 
ent  variables  are  situational  favorableness  and  leadership  style, 
with  the  dependent  variable  being  leadership  effectiveness. 

Situational  favorableness  refers  to  structural  and  social  climate 
variables  which  make  a  group  "easy"  or  "difficult"  to  lead.  These 
include  the  extent  to  which  the  leader  is  accepted  or  rejected  by  the 
group,  the  extent  to  which  the  group's  goals  are  clear  and  struc¬ 
tured,  and  the  extent  to  which  the  leader  has  been  invested  with  the 
power  to  reward  and  punish  group  members.  Leadership  style  refers  to 
the  leader's  orientation  towards  task  and  people  (Fiedler,  et  al., 
1976).  The  dependent  variable,  leadership  effectiveness,  is  opera¬ 
tionalized  by  any  objective  measure  of  task  accomplishment. 

According  to  Contingency  Theory,  different  degrees  of  situa¬ 
tional  favorableness  require  different  leadership  styles.  This  the¬ 
ory  contends  that  leadership  style  is  fairly  well  ingrained  within 
the  person  (Fiedler,  et  al.,  1976).  This  implies  that  training  pro¬ 
grams  designed  to  change  the  styles  of  leaders  —  selected  for  mis¬ 
sions  of  varying  degrees  of  situational  favorableness  —  should  be 
relatively  ineffective.  However,  Fiedler  and  his  associates  have 
developed  a  self-instructional  program  called  "LEADER  MATCH",  which 
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helps  leaders  self-select  and  gain  control  over  variables  that  deter¬ 
mine  situational  favorableness  (Fiedler,  et  al.,  1976;  Fiedler, 

1978).  "Leader  Match"  has  thus  far  been  supported  by  the  results  of 
eight  validation  studies  (Fiedler,  1978).  Fiedler's  program  may 
prove  useful  for  future  space  leaders,  either  in  its  present  form  or 
with  some  modifications.  These  modifications  could  include  efforts 
to  extend  beyond  assessing  the  situational  favorableness  of  a  given 
mission.  Selection  of  an  astronaut  with  the  particular  style  or 
leadership  deemed  most  appropriate  for  the  anticipated  circumstances 
of  a  mission  deserves  further  study. 

Another  leadership  model  that  examines  the  advantages  and  the 
disadvantages  associated  with  autocratic  and  democratic  deci¬ 
sion-making  procedure  has  been  described  in  the  literature  (Vroom  & 
Yetton,  1973;  Vroom,  1976).  The  Vroom-Yetton  model  of  participative 
decision  making,  analyzes  situations,  personnel,  and  likely  scenarios 
where  effective  leadership  may  be  required  (Vroom,  1976).  In  es¬ 
sence,  this  model  is  applied  by  first  answering  seven  questions 
(regarding  such  issues  as  the  availability  of  information,  degree  of 
conflict  among  subordinates,  and  the  need  for  subordinate  acceptance 
of  decisions).  On  the  basis  of  the  pattern  of  answers,  one  of  five 
decision-making  procedures  is  prescribed.  The  Vroom-Yetton  model  of 
leadership  has  promise  for  use  in  selecting  the  most  qualified  astro¬ 
nauts  for  space  travel. 

In  summation,  future  research  on  leadership  for  long-duration 
space  flight  might  include  an  expanded  range  of  leadership  alterna¬ 
tives  and  options.  Particularly  pressing  problems  include  identifying 
the  optimal  distribution  of  task  and  socio-emotional  activities  and 
achieving  the  "best  fit"  between  structural  characteristics  and 
leader  characteristics.  In  addition,  more  needs  to  be  known  about 
the  consequences  of  various  autocratic  and  participative  deci¬ 
sion-making  procedures  under  conditions  of  isolation,  confinement, 
and  risk. 

V.  SUMMARY  AND  CONCLUSIONS 

Interpersonal  problems  have  been  and  remain  a  recurring  problem 
for  both  short-  and  long-duration  space  flights.  Even  after  the 
astronauts  have  successfully  completed  their  space  voyage,  intense 
psychological  aftereffects  are  reported.  These  aftereffects  include 
intense  religious  experiences,  a  total  reordering  of  scientific  and 
personal  priorities,  and  an  overwhelming  preoccupation  with  the  space 
flight.  Interestingly,  all  these  space-related  problems  occurred 
among  a  hardy  group  of  test  pilots,  presumed  to  have  been  carefully 
selected.  As  the  astronaut  population  changes  to  include  civilians 


from  industry,  payload  specialists,  scientists  and  pilot  astronauts, 
the  potential  for  additional  space-related  problems  increases  as 
well . 


Past  psychological  tests  were  used  only  for  detecting  gross  psy¬ 
chopathologies  among  candidates.  Although  these  psychological  in¬ 
struments  excluded  some  persons  from  becoming  astronauts,  the  battery 
of  psychological  tests  failed  to  predict  which  individuals  would 
manifest  behavioral  abberrations  in  judgement,  cooperative  function¬ 
ing,  overt  irritability,  or  destructive  interpersonal  actions. 

What  sort  of  human  being  or  crew  can  endure  the  isolation  and 
severe  confinement  of  a  long  space  vtyage  and  make  the  space  voyage  a 
success.  This  is  a  question  of  selection  and  ultimately,  of  group 
composition.  Most  programs  for  selecting  personnel  to  work  in  exotic 
environments  (i.e.,  isolation  and  confinement)  have  emphasized  the 
background,  training,  personality,  and  aptitude  characteristics  of 
individuals.  Unfortunately,  this  traditional  approach,  in  spite  of 
careful  screening  and  selection  procedures,  has  revealed  no  reliable 
predictive  measures  for  selecting  those  individuals  that  are  most 
resistant  to  problems  under  conditions  of  isolation  and  confinement. 

For  a  long  time  to  come,  the  stresses  of  isolation  and  confine¬ 
ment  will  be  inevitable  accompaniments  of  long-duration  space  flight. 
The  effects  of  these  stresses  on  an  individual  will  be  partially 
determined  by  interactions  with  other  crew  members,  attitude  towards 
the  group,  or  the  quality  and  type  of  leadership  practiced  by  each 
member.  How  these  stresses  will  be  endured  or  resisted  will  depend, 
at  least  partially,  on  the  interactional  dynamics  of  the  group. 

Strong  demands  will  be  placed  on  crew  members  who  occupy  leader¬ 
ship  roles.  The  penalties  for  weak  or  incompetent  leadership  will  be 
high.  Case  histories  have  shown  that  very  few  people  ~an  perform 
both  task  and  ^ocio-emotional  leadership  roles.  Research  has  demon¬ 
strated  that  most  often  these  two  leadership  roles  are  differenti¬ 
ated. 


Contemporary  leadership  theory  focuses  on  the  interaction  of 
structural  and  personality  variables  rather  than  upon  either  variable 
alone.  The  most  relevant  of  these  theories  is  Contingency  Theory. 
This  theory  implies  that  situational  favorableness  and  leadership 
style  combine  to  determine  leadership  effectiveness.  It  further 
suggests  that  socio-emctionally  oriented  leaders  are  maximally  effec¬ 
tive  under  conditions  of  intermediate  favorableness.  However, 
task-oriented  leaders  are  most  effective  under  conditions  of  interme¬ 
diate  favorableness.  However,  task-oriented  leaders  are  most  effec- 
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tive  under  conditions  of  extremely  high  or  extremely  low  situational 
favorableness.  Future  space  missions  are  likely  to  vary  by  degree  in 
terms  of  situational  favorableness,  and  situational  favorableness  may 
decline  as  the  length  of  the  mission  increases. 

Isolation  and  confinement  impose  a  strain  on  group  structure, 
induce  intense  challenges  for  leadership,  and  threaten  group  integ¬ 
rity.  The  desire  for  change,  as  a  reaction  to  boredom,  may  endanger 
the  group's  status  quo,  as  well  as  the  success  of  the  space  mission. 
The  cohesiveness  of  the  group  will  also  be  affected  by  interpersonal 
difficulties  among  its  members.  Clique  formation  could  endanger 
cohesiveness,  group  integrity,  'and  ultimately  the  space  mission. 

Under  conditions  of  isolation,  as  experienced  on  a  long-duration 
space  mission,  crew  members  will  be  deprived  of  normal  familial  ties, 
separated  from  their  natural  environment,  and  prevented  from  exercis¬ 
ing  a  variety  of  social  roles.  Historically,  the  characteristic 
effects  of  such  isolation,  are  anxiety,  depression,  irritability,  and 
hostility. 

As  confinement  increases,  physical  and  social  interaction  become 
more  intense,  and  the  crew  person  operates  at  a  higher  level  of  emo¬ 
tional  arousal.  In  turn,  such  feelings  as  discomfort,  fatigue,  frus¬ 
tration,  hostility,  or  apathy  tend  to  arise. 

The  optimal  planning  of  future  manned  space  flights  requires  a 
better  understanding  of  the  effects  that  increasing  group  size  will 
have  on  interpersonal  dynamics.  Substantially  larger  crews  than 
dyads  and  triads  have  been  forecast  for  future  space  flights.  A 
thorough  understanding  of  the  effects  that  crew  size  will  have  on 
crew  member  performance  and  satisfaction  awaits  the  results  of  care¬ 
fully  controlled  studies  of  different  sized  groups  operating  under 
space  flight-like  conditions. 

VI.  RECOMMENDATIONS 

Behavioral  problems  have  historically  been  associated  with  the 
space  program.  As  mission  length,  crew  size  and  diversity  increase, 
these  problems  are  expected  to  worsen.  The  following  recommendations 
are  an  attempt  to  improve  the  selection  procedures  presently  in  use. 
These  suggestions  are  based  on  the  scientific  research  findings  re¬ 
viewed  in  this  paper. 

Until  enhanced  selection  measures  are  achieved,  behavioral 
problems  during  space  flight  are  predicted  to  persist.  The  author 
recommends  that  research  attention  be  focused  on  the  PAQ  masculin- 
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ity/femininity  scale,  to  select  only  those  candidates  who  r~'  >ess 
androgynous  traits.  Since  the  literature  has  been  very  consistent 
regarding  their  complementary  mix  of  goal-oriented  and  socially 
oriented  behaviors,  it  seems  logical  to  select  androgynous  individu¬ 
als  for  long-duration  space  flight.  Additionally,  a  possibly  fruit¬ 
ful  area  of  future  research  would  be  to  collect  data  on  the 
astronauts*  birth  order,  as  well  as  their  scores  on  the  PAQ  mascu¬ 
linity/femininity  scale.  The  combination  of  this  information  would 
be  used  for  identifying  and  selecting  the  most  compatible  crews 
— rather  than  merely  effective  individuals  —  for  long-duration 
space  flight.  Thus,  the  fundamental  emphasis  of  future  astronaut 
selection  programs  should  be  on  crew  composition,  with  specific 
attention  focused  on  crew  compatibility. 

Another  area  subsumed  under  the  category  of  crew  composition 
would  include  McClintock’s  three  types  of  motivation  or  motives:  own 
gain,  relative  gain,  and  joint  gain  motivation.  By  creating  situa¬ 
tions  in  the  astronauts'  training  environment  to  test  for  their  domi¬ 
nant  orientation,  astronauts  who  were  higher  than  their  peers  on 
joint  gain  motivation  could  be  preferentially  selected  over  others 
rated  lower  on  this  trait. 

A  provocative  future  research  question  must  address  which  type 
of  leadership,  such  as  task-oriented  or  socio-emotionally  oriented 
leadership,  is  the  best  for  short-  or  long-duration  space  flights. 

The  management  of  a  space  crew  might  be  served  by  having  daily, 
housekeeping  (non-mission)  decisions  decided  in  a  democratic  manner. 
By  contrast,  mission  decisions  would  ultimately  be  decided  by  the 
commanding  authority,  after  soliciting  alternatives  from  the  crew  in 
a  participatory  manner.  Furthermore,  as  the  demands  of  a  particular 
mission  change,  so  also  could  the  needed  leadership  styles  be  ex¬ 
pected  change. 

Contingency  theory  has  recognized  that  both  leadership  effec¬ 
tiveness  and  situational  effectiveness  ara  inextricably  intertwined. 
Another  focus  for  future  space-related  research  is  to  determine  at 
what  point  during  the  space  flight  the  situational  factor  (e.g., 
boredom,  crew  friction,  apathy)  become  an  obstacle  to  effective  lead¬ 
ership.  A  similar  related  issue  would  be:  What  are  the  situational 
factors  that  are  most  likely  to  impinge  on  leadership  effectiveness? 
Additional  research  is  required  to  achieve  a  good  match  between 
situational  favorableness  and  leadership  style  throughout  the  course 
of  future  flights.  Also  more  is  needed  to  be  known  about  the  conse¬ 
quences  of  various  autocratic  and  participatory  decision-making  pro¬ 
cedures  under  conditions  of  isolation,  confinement,  and  risk.  Future 
research  must  also  examine  the  procedures  which  astronauts  can  use  to 


37 


diagnose  and  contain  onboard  frictions  when  they  arise.  One  possi¬ 
bility  would  be  to  give  the  astronauts  training  in  how  to  best  handle 
conflicts  that  might  arise  between  members  of  their  crew.  A  means  of 
dealing  wit.li  these  potential  problems  in  advance  could  be  achieved 
-via  use  of  role-playing  during  training. 

Unfortunately,  much  more  is  known  about  how  to  exclude  people 
who  are  liable  to  react  badly  than  now  to  choose  people  of  excep¬ 
tional  psychological  health.  Whatever  the  ultimate  selection  proce¬ 
dures,  there  is  no  avoiding  the  fact  that  as  more  and  more  people  are 
chosen  for  space  missions,  a  few  "high  risk"  individuals  will  inad¬ 
vertently  be  chosen.  Mission  planners  and  managers  need  to  know  more 
about  the  kinds  of  psychological  support  or  props  that  can  be  used  to 
help  people  preserve  or  restore  their  emotional  stability  under  con¬ 
ditions  of  isolation  and  confinement.  These  psychological  supports 
might  include  the  use  of  video  games  to  be  played  on  a  video  display 
terminal;  individualized  music  (i.e.,  with  earphones);  a  surprise  to 
be  opened  daily  or  weekly  (depending  on  total  mission  length),  or  on 
special  occasions  (i.e.,  on  birthdays  or  anniversaries);  and  opportu¬ 
nities  for  private  cdnversations  with  a  member’s  family. 

Finally,  it  is  felt  that  psychological  researchers  should  be 
more  involved  in  researching  "operational"  aspects  of  the  space  pro¬ 
gram,  especially  in  light  of  all  the  behavioral  problems  that  have 
occurred  during  and  after  the  space  missions.  An  excellent  arena  in 
which  this  research  could  be  conducted  would  be  to  initiate  a  Joint 
testing  effort  between  NASA  and  the  United  States  Air  Force  using  the 
most  sophisticated  testing  equipment  available,  which  is  located  at 
the  AFHRL  Lackland  AFB  testing  facility.  If  psychological  research 
remains  excluded  from  operational  issues,  then  more  frequent  and 
severe  problems  can  be  expedited  from  the  eclectic  astronaut  corps  of 
the  1980's  and  beyond.  Indeed,  continued  use  of  basically  mid-1950's 
selection  procedures  seems  to  be  neither  prudent  nor  in  the  best 
interest  of  the  astronauts  and  the  nation. 
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